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PREFACE 


The  Electromagnetic  Compatibility  Analysis  Center  (ECAC)  is  a Department  of 
Defense  facility,  established  to  provide  advice  and  assistance  on  electromagnetic 
compatibility  matters  to  the  Secretary  of  Defense,  the  Joint  Chiefs  of  Staff,  the  military 
departments  and  other  DoD  components.  The  Center,  located  at  North  Severn,  Annapolis, 
Maryland  21402,  is  under  executive  control  of  the  Assistant  Secretary  of  Defense  for 
Communication,  Command,  Control,  and  Intelligence  and  the  Chairman,  Joint  Chiefs  of 
Staff,  or  their  designees,  who  jointly  provide  policy  guidance,  assign  projects,  and  establish 
priorities.  ECAC  functions  under  the  direction  of  the  Secretary  of  the  Air  Force  and  the 
management  and  technical  direction  of  the  Center  are  provided  by  military  and  civil  service 
personnel.  The  technical  operations  function  is  provided  through  an  Air  Force  sponsored 
contract  with  the  I IT  Research  Institute  (IITRI). 

This  report  was  prepared  for  the  Systems  Research  and  Development  Service  of  the 
Federal  Aviation  Administration  in  accordance  with  Interagency  Agreement 
DOT-FA70WAI-175,  as  part  of  AF  Project  649E  under  Contract  F-19628-76-C-0017,  by  the 
staff  of  the  I IT  Research  Institute  at  the  Department  of  Defense  Electromagnetic 
Compatibility  Analysis  Center. 

To  the  extent  possible,  all  abbreviations  and  symbols  used  in  this  report  are  taken  from 
American  Standard  Y10.19  (1967)  "Units  Used  in  Electrical  Science  and  Electrcal 
Engineering"  issued  by  the  USA  Standards  Institute. 


Reviewed  by: 


Director  of  Contractor  Operations 


M.  A.  SKEATH 
Special  Projects 
Deputy  Director 
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FEDERAL  AVIATION  ADMINISTRATION 
SYSTEMS  RESEARCH  AND  DEVELOPMENT  SERVICE 
SPECTRUM  MANAGEMENT  STAFF 


STATEMENT  OF  MISSION 

The  mission  of  the  Spectrum  Management  Staff  is  to  assist  the  Department  of  State, 
Office  of  Telecommunications  Policy,  and  the  Federal  Communications  Commission  in 
assuring  the  FAA's  and  the  nation's  aviation  interests  with  sufficient  protected 
electromagnetic  telecommunications  resources  throughout  the  world  to  provide  for  the  safe 
conduct  of  aeronautical  flight  by  fostering  effective  and  efficient  use  of  a natural 
resource  -the  electromagnetic  radio-frequency  spectrum. 

This  objective  is  achieved  through  the  following  services. 

• Planning  and  defending  the  acquisition  and  retention  of  sufficient  radio-frequency 
spectrum  to  support  the  aeronautical  interests  of  the  nation,  at  home  and  abroad,  and 
spectrum  standardization  for  the  world's  aviation  community. 

• Providing  research,  analysis,  engineering,  and  evaluation  in  the  development  of 
spectrum  related  policy,  planning,  standards,  criteria,  measurement  equipment,  and 
measurement  techniques. 

• Conducting  electromagnetic  compatibility  analyses  to  determine  intra/inter-system 
viability  and  design  parameters,  to  assure  certification  of  adequate  spectrum  to  support 
system  operational  use  and  projected  growth  patterns,  to  defend  the  aeronautical 
services  spectrum  from  encroachment  by  others,  and  to  provide  for  the  efficient  use  of 
the  aeronautical  spectrum. 

• Developing  automated  frequency  selection  computer  programs/routines  to  provide 
frequency  planning,  frequency  assignment,  and  spectrum  analysis  capabilities  in  the 
spectrum  supporting  the  National  Airspace  System. 

• Providing  spectrum  management  consultation,  assistance,  and  guidance  to  all  aviation 


interests,  users,  and  providers  of  equipment  and  services,  both  national  and 
international. 
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EXECUTIVE  SUMMARY 

As  a joint  venture  of  the  United  States  (US),  Canada  and  the 
European  Space  Agency  (ESA),  an  experimental  aeronautical  satellite 
(AEROSAT)  system  is  presently  being  developed.  AEROSAT  will  provide 
evaluation  of  communications  and  position-fixing  techniques  for  air- 
craft flying  transoceanic  routes. 

The  Federal  Aviation  Administration  (FAA)  is  directing  US 
participation  in  the  program.  FAA  has  requested  that  the  DoD  Elec- 
tromagnetic Compatibility  Analysis  Center  (ECAC)  determine  means  by 
which  the  AEROSAT  satel li te- to-ai rcraft  VHF  link  can  operate  compatibly 
with  the  inband  international  air  to-ground  communications  systems. 

Operational  conditions  were  evaluated  to  determine  possible 
interactions  between  AEROSAT  and  the  VHI  user  community.  Usage  in 
the  VHF  frequency  band  (125.4-132.0  MHz)  was  ascertained  and  repre- 
sentative VHF  equipment  electrical  parameters  were  determined.  AEROSAT 
EMC  equipment  specifications  and  operational  constraints  were  estab- 
lished to  preclude  interference  to  the  VHF - user  community.  The  FAA- 
proposed  frequency  plan,  whereby  AEROSAT  frequencies  would  be  assigned 
midway  between  the  50-kHz  channels  presently  used  in  the  125.4-126.0 
and  131.4-132.0  MHz  frequency  bands,  was  shown  to  be  feasible. 

Only  the  1975  US  and  Canadian  environment  was  addressed  as  a 
direct  application  of  the  generalized  analysis.  Further  analysis  is 
required  for  the  Atlantic  area.  The  results  show  that,  if  AEROSAT 
avionics  and  satellite  receivers  are  developed  to  meet  the  recommended 
adjacent- channel  rejection  requirements,  no  restrictions  need  be  placed 
on  AEROSAT  VHF  frequency  assignments  for  operation  in  North  America. 

Co-channel  operation  of  Aerosat  and  other  VHF-users 
was  not  considered  in  this  analysis. 

v/vi 
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Sec  t i on  1 


SHCT10N  1 
INTRODUCTION 


RAC  KC, ROHM 

In  1974  .1  Memor  induin  of  Understanding*  (MOU)  was  signed  by  the 
United  states,  Canada,  and  the  Huropcun  Space  Agency  (formerly  the 
Huropean  Space  Research  Organization).  The  MOW  provides  for  the  im- 
: lementat i m of  an  Aeronautical  Satellite  System  (AHROSAT)  to  experi- 
••  r.t  with  iiul  develop  an  operational  capability  for  improving  oceanic 
ait  traffic  i intro  1 . The  system  will  he  initially  deployed  over  the 
Atlantic  let  an  but  expansion  to  the  Pacific  is  planned.  AHROSAT  will 
provide  two  w voice  and  data  communications,  via  satellite,  between 
ground  location  lad  a i rcraft  flying  over  the  oceanic  area. 

Part  of  the  AHROSAT  system  will  include  a satellite-aircraft 
link  operating  in  the  VHF  band.  This  hand  is  presently  being  used 
internationally  for  air-to-ground  communications  by  commercial  and 
private  aircraft  (hereafter  referred  to  as  the  terrestrial  system  in 
this  report).  It  is  desired  that  no  changes  be  made  to  the  terrestrial 
systems  for  compatible  operation  of  the  two  systems. 

I'he  federal  Aviation  Administration  (PAA),  which  is  directing 
the  U.S.  participation  in  the  AHROSAT  program,  tasked  the  Klectro- 
magnetic  Compatibility  Analysis  Center  (HCAC)  to  conduct  an  electro- 
magnetic compatibility  (EMC)  analysis  of  the  AHROSAT  system.  In  ad- 
dition to  determining  the  HMC  between  the  AHROSAT  VT IF  subsystem  and 

1 Annex  l and  Annex  II  to  the  Memorandum  of  Understanding  on  a Joint 
Prrxjr  a rune  of  Experimentation  and  Evaluation  llsinu  an  Aeronautical 
Jitcll.te  Capability  Between  the  US  Dept,  of  Transportation,  Ft'deral 
Aviation  Administration  (FAA) , the  European  Space  Research  Organization 
(ESRO) , and  the  Gov.  of  Canada,  August  2,  1974. 
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systems  operating  in  the  same  band,  ECAC  was 
extent  of  the  interference- free  areas  within 
aircraft  could  operate. 


asked  to  determine  the 
whi ch  AEROSAT-equipped 


OBJECTIVES 


The  objectives  of  this  task  were  to: 

1.  Determine  the  compatibility  of  EROSAT-VHF  subsystem 
with  the  present  terrestrial  systems,  and  if  required,  to  develop 
methods  that  will  provide  for  compatible  operation. 

2.  Recommend  guidelines,  utilizing  methods  developed,  that 
will  provide  for  compatible  operation  between  the  AEROSAT-VHF  subsystem 
and  its  environment  in  the  US  and  Canada. 


APPROACH 

The  analysis  was  performed  in  five  (5j  steps. 

1.  Technical  data  and  operational  procedures  were  collected 
on  the  systems  being  considered  from  ECAC  files  and  other  sources. 

Data  on  the  AEROSAT  system  was  provided  to  ECAC  by  the  FAA,  while  data 
on  the  terrestrial  systems  was  provided  to  ECAC  by  both  the  FAA  and 
Aeronautical  Radio  Incorporated  (ARINC). 

2.  Potential  interference  paths  were  determined.  Satellite- 
to-aircraft  or  aircraft-to-satel lite  communications  in  the  AEROSAT  system 
may  be  sources  of  interference  to,  or  experience  interference  from  air- 
to-ground  or  ground-to-air  communications  in  the  terrestrial  systems. 

3.  The  parameters  affecting  the  analysis  were  studied.  These 
parameters  were: 

a.  scintillation  of  transionospheric  signals, 

b.  multipath  propagation, 
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c.  the  effects  of  antenna  patterns  on  propagation  and, 

d.  receiver  performance  in  the  presence  of  interference. 

4.  The  results  of  the  parameter  analysis  were  applied  to  the 
potential  interference  paths  to  determine  if  the  proposed  AliROSAT  system 
can  operate  compatibly  with  the  terrestrial  systems.  Simple  procedures 
were  developed  for  AFROSAT  implementation  that  will  not  require  any 
changes  to  the  terrestrial  system. 

5.  The  procedures  developed  in  step  4 were  applied  to  the  US 
and  Canadian  systems. 
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SECTION  2 

SYSTEM  DESCRIPTION 


AF.ROSAT  SYS  IT M 

The  AEROSAT  system  will  provide  two-way  voice  and  data  communi- 
cations, via  satellite,  between  ground  locations  and  aircraft  flying 
over  the  oceanic  area.  A requirement  is  that  AEROSAT  operate  in  all 
oceanic  areas  not  covered  by  the  terrestrial  system  and  it  is  desired 
that  AEROSAT  operate  in  all  areas,  both  oceanic  and  over  land. 

Three  frequency  hands  will  he  utilized  by  the  AEROSAT  system. 

I 1.  125.4  to  126.0  MHz ; 1 .31 . 4 to  112.0  MHz  (VHF)  . Satellite- 

to-aircraft  links  will  use  the  125.4  to  12b. 0 MHz  hand.  Aircraft-to- 
satellite  links  will  use  the  131.4  to  132.0  MHz  band. 

2.  1543.5  to  1660  MHz.  Satel 1 i te-to-ai rcraft  links  will 
use  the  1543.5  to  1578.5  MHz  band.  Ai rcraft-to-satel 1 ite  links  will 
use  the  1622.5  to  1636.5  MHz  and  lo45  to  1660  MHz  band. 

3.  5000  to  5250  MHz.  Ground- to- satel 1 ite  links  will  use  the 

; 5000  to  5125  MHz  band.  Satel 1 i te- to-ground  links  will  use  the  5125  to 

5250  MHz  band. 

8 

j 

Two  geostationary  satellites  will  be  located  between  15  and  40 
degrees  West  longitude  for  the  Atlantic  system.  Initially,  three 
ground  terminals  will  be  built,  one  in  Europe,  one  in  Canada,  and  one 
in  the  United  States.  Avionics  installations  will  be  made  on  selected 
commercial  aircraft:  Boeing  747,  Eockheed  1.-1011,  and  Douglas  DC-10. 

The  VUE  avionics  will  be  installed  on  the  747  aircraft  only. 

\ 

The  two-satellite  system  has  the  potential  for  providing  aircraft 
position  fixing  by  comparing  the  two  satellite  signals.  The  program 
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will  experiment  with  aircraft  position  fixing  and  will  develop  oper- 
ational standards  and  procedures. 

The  AEROSAT  system  development  will  approximately  follow  this 
schedu 1 e . 

1976:  Design  of  ground  terminals,  avionics,  and  satellites. 

1977:  Begin  construction  of  ground  terminals,  first  avionics 

units,  and  satellites.  Complete  construction  and  begin 
testing  of  first  avionics  units. 

1 9 "" 8 : Complete  construction  and  begin  testing  of  ground  ter- 

minals and  satellites.  Begin  construction  of  the  re- 
maining avionics  units.  Begin  system  test. 

1979:  Launch  first  satellite.  Additional  system  tests.  Launch 

second  satel 1 i te . 

The  system  will  become  fully  operational  in  the  early  1980's. 

LI  CURL.  1 shows  the  areas  to  be  initially  served  by  AEROSAT.  System 
performance  requirements  must  be  met  in  all  areas  where  the  satellite 
elevation  exceeds  10°. 

AEROSAT  VHL  SUBSYSTEM 


General  Descript  ion 

The  AEROSAT  VHL  subsystem  is  designed  to  handle  analog  or  digital 
signals.  The  analog  signals  will  be  FM  voice  with  a maximum  peak  de- 
viation of  1.5  kHz.  The  frequency  range  will  be  limited  to  voice  fre- 
quencies (300  to  3,000  Hz)  and  a pre-emphasis,  de-emphasis  of  6 dB  per 
octave  will  be  used,  to  reduce  the  noise  level. 
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The  digital  signals  will 
(DPSK)  to  communicate  data  at 
bit  error  rate  (BER)  is  to  be 


use  Differential  Phase  Shift  Keying 
1,200  or  2,400  bits  per  second.  The 
less  than  1 bit  per  100,000. 


The  US  AER0SAT  Candidate  Frequency  Plan2  proposes  that  carriers 
in  the  AER0SAT  VHF  subsystem  be  at  odd  multiples  of  25  kHz . However, 
no  final  determination  of  the  carrier  frequencies,  has  been  made. 


Satellite  Description 

The  satellite  serves  as  a relay  between  the  aircraft  and  the 
ground  terminals.  It  translates  the  5000-5125  MHz  forward  channel 
signals  from  the  ground  terminals  to  VHF  and  transmits  them  to  the 
aircraft  and  translates  the  VHF  return  channel  signals  from  the  air- 
craft to  the  5125-5250  MHz  band  and  transmits  them  to  the  ground. 

The  satellite  VHF  transmitters  will  be  powerful  enough  to  give 
an  Effective  Isotropic  Radiated  Power  (EIRP)  of  25  dBW  from  the 
antenna.  Each  satellite  will  be  capable  of  handling  two  forward 
channels  and  four  return  channels  at  once  and  will  be  able  to  com- 
bine the  two  forward  channels  for  double  power. 

To  simplify  the  analysis,  the  entire  5000-5250  MHz  band  link 
can  be  thought  of  as  an  IF  section  and  modulator/demodulator.  In 
effect,  the  VHF  portion  of  the  satellite  becomes  the  front  end  of 
a transceiver.  The  selectivity  and  modulation  characteristics  will 
be  those  of  the  ground  station.  The  sensitivity  and  noise  specifi- 
cations will  be  determined  by  both  the  satellite  and  the  ground 
station.  The  RF  power  and  the  antenna  characteristics  will  be  those 
of  the  satellite.  This  "effective  transceiver"  will  be  referred  to 
as  the  "satellite  transceiver."  FIGURE  2 is  a block  diagram  depicting 
the  "satellite  transceiver." 


2The  Federal  Aviation  Administration,  Candidate  Frequency  Plan,  AEROSAT, 
US  Draft,  February  1975. 
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Avionics  Description 

The  airborne  transceivers  will  be  modified  Bendix  RTA-42A1 
units.  They  will  be  half-duplex  voice  or  data  transceivers;  that 
is,  they  will  be  able  to  transmit  or  receive  voice  or  data,  switching 
from  one  mode  to  another  as  required.  Independent  selection  of  trans- 
mit and  receive  frequencies  will  be  provided.  Switching  will  be  con- 
trolled from  the  cockpit  or  by  a mini  computer. 

Note  that  since  the  transmit  and  receive  frequencies  are  in 
different  bands,  it  will  not  be  possible  for  a pilot  to  listen  to 
other  pilots  talking  on  the  AEROSAT  system.  Therefore  some  method 
of  informing  pilots  which  channels  are  clear  is  necessary. 

A block  diagram  of  the  airborne  transceiver  is  shown  in  FIGURE  3. 
A discussion  of  the  block  diagram  follows. 

The  center  of  the  whole  AEROSAT  avionics  is  the  Data  Management 
Subsystem  (DMS)  which  includes; 

1.  A programmable  Digital  Processor  (Mini -computer) , 

2.  Cockpit  Input/Output  Devices  including; 


a . 

Control  and  Display  unit 

(CDIJ) 

b. 

Printer 

c . 

Receive/Transmit  Control 

uni  t , 

3.  Cabin  Display/Keyboard, 

4.  Voice  and  Data  Record/Playback  units. 

The  DMS  will  also  interface  with  these  items  not  shown  in  the 
block  diagram: 

1.  The  1543.5-1660  MHz  transceiver 


* Proposal  for  an  Aeronautical  Satellite  Communications  System,  Bendix 
Avionics  Division,  Ft.  Lauderdale,  FL,  April  15,  1973. 
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2.  Aircraft  peripherals  such  as  a Greenwich  Mean  Time 
clock,  altimeter,  etc.  The  audio  system  includes: 

a.  Microphone  and  speaker, 

b . Amp  1 i f i er , 

c.  l’re-emphasis/de-emphasis  networks, 

d.  Clipper  to  limit  modulation  to  a maximum  peak 
dev i at  ion  of  1.5  kHz. 

The  receiver  and  the  transmitter  will  consist  mainly  of  the  RF 
and  IF  sections  of  the  Bendix  RTA-42A.  The  modification  proposals 
(Reference  3)  indicates  that  the  IF  bandwidth  is  to  be  approximately 
20  kHz  and  that  this  represents  no  modifications  to  the  RTA-42A  IF 
section.  The  manual  for  the  RTA-42A1*  gives  two  IF  selectivity  char- 
acteristics, broad  and  sharp  with  minimum  6-dB  bandwidths  of  30  kHz 
and  18  kHz  respectively  and  maximum  60-dB  bandwidths  of  50  kHz  and 
39  kHz  respectively.  A 118  to  136  MHz  broadband  preamplifier  will 
be  added  to  give  an  1100  K system  noise  temperature  specification. 

A power  amplifier  will  boost  the  output  of  the  RTA-42A  to  150  watts 
so  that  after  line  losses,  19  dBW  will  be  delivered  to  the  antenna. 

The  data  modulator  and  demodulator  will  utilize  DPSK  with  a 
phase  deviation  of  ± n/2  radians.  A change  in  phase  will  represent 
a logic  1 while  no  change  in  phase  will  represent  a logic  0.  The 
data  demodulator  will  be  a phase- locked  loop  that  will  act  like  a 
high  Q tracking  filter  (Reference  3). 

The  voice  demodulator  will  utilize  the  combination  of  a second- 
order  phase  locked  loop  and  a limiter  for  adaptive  narrow  band  FM 
demodulation.  That  is,  the  bandwidth  will  change  with  the  varying 

4 Overhaul  Manual  RTA-42A  VHF  Transceiver,  Bendix  Avionics  Division, 
Ft.  l.auderdale,  FL. 
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signal- to-noise  ratio  (S/NJ  becoming  broader  when  the  S/N  is  high 
tor  greater  fidelity  and  becoming  narrower  when  the  S/N  is  low  to 
reject  as  much  noise  as  possible. 

H RRESTR 1 A I . SYSTI M 

The  VHF  band  to  be  used  by  AbRCSAT  is  presently  being  used  for 
air-to-ground,  communications  by  commercial  and  private  aircraft.  The 
125.1  to  126.0  MHz  band  is  being  used  for  Air  Traffic  Control  (ATC) 
while  the  131.4  to  132.0  MHz  band  is  being  used  for  Operational  Con- 
trol (navigation  and  information!.  The  operational  control  band  is 
also  used  by  extended  Range  VHF  stations.  These  stations,  some  of 
which  are  in  the  151.4  to  132.0  MHz  band,  provide  for  communication 
with  aircraft  out  to  400  miles  over  the  ocean.  The  Extended  Range 
VH!  stations  are  of  special  importance  to  this  analysis  because  it 
is  the  oceanic  areas  not  covered  by  Extended  Range  VHF  stations, 
that  AEROSAT  must  cover.  No  Extended  Range  VHF  stations  are  in  the 
125.1  to  126.0  MHz  band. 

The  terrestrial  system  uses  push- to- talk  AM  communications  where 
a single  channel  is  used  (in  a particular  area)  and  everyone  in  the 
air  and  on  the  ground  that  is  tuned  to  that  frequency  is  listening 
to  the  one  person  who  has  switched  to  transmit  and  is  talking.  When 
two  people  try  to  talk  at  the  same  time,  they  interfere  with  each 
other. 


I'he  channels  are  50- kHz  wide,  centered  at  multiples  of  50  kHz. 
However  by  late  1977,  many  areas  will  begin  converting  to  25-kHz  wide 
channels,  centered  at  multiples  of  25  kHz.  ICAO  Annex  lo'5  provides 
the  following  channel  spacing  information  for  the  117.975-136  MHz  band. 


International  Standards  and  Recommended  Practices:  Aeronautical 

Telecommunications  Annex  10  to  the  Convention  on  International  Civil 
Aviation,  International  Civil  Aviation  Organization,  Quebec,  Canada, 
.July  1972. 
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4. 1.2.2.  After  1 July  1976  and  until  1 January  1977, 
the  minimum  separation  between  assignable  frequencies 
in  the  International  Aeronautical  Mobile  Ser  ice  shall 
be  25  kHz  in  those  areas  where  such  channel  spacing  lias 
been  introduced  by  regional  agreement,  and  the  minimum 
separation  between  assignable  frequencies  shall  be  50  kHz 
in  all  other  areas.  After  1 January  1977,  the  minimum 
separation  between  assignable  frequencies  in  the  Inter- 
national Aeronautical  Mobile  Service  shall  be  25  kHz. 

NOTE  1 - The  intent  of  this  paragraph  is  to  allow  those 
aircraft  engaged  in  operations  in  areas  where  25-kHz 
channel  spacing  will  not  be  introduced  prior  to  1 
January  1977  an  additional  period  of  time  in  which 
to  effect  the  required  airborne  equipment  modifications 
necessary  to  operate  in  a 25-kHz  channel  spacing  environ- 
ment . 

NOTE  2 - It  is  recognized  that,  after  1 July  1976  and 
even  after  1 January  1977  in  some  regions  or  areas,  100- 
kHz  or  50-kHz  channel  spacing  may  provide  an  adequate 
number  of  frequencies  suitably  related  to  international 
and  national  air  services  and  that  equipment  designed 
specifically  for  100-kHz  or  50-k!lz  channel  spacing  will 
remain  adequate  for  services  operating  within  such  regions 
or  areas. 

Ground  receivers  operating  within  the  117.975-136  MHz  band  will 
be  required  to  reject  adjacent  channels  in  accordance  with  the  fol- 
lowing (Reference  5). 
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4.O.2.3.  Adjacent  channel  rejection.  The  receiving 
system  shall  ensurt  an  effective  reliction  of  60  dB 
or  more  at  the  next  assignable  channel. 

NOT h - The  next  assignable  frequency  will  normally  be 
plus  or  minus  50  Ml:  Where  this  channel  spacing  will 

not  suffice,  tin  next  assignable  frequency  will  be  plus 
or  minus  25  kll.:  implemented  in  accordance  with  the  pro- 
vision-. of  part  II,  1.1.2.  It  is  recognized  that  in 
certain  areas  of  the  world  receivers  designed  for  50-kliz 
or  100  kll.  channel  pacing  mav  continue  to  be  used. 

Also,  airborne  receivers  operating  in  the  117.925-136  MHz  will  be 
required  to  retect  adjacent  channels  (Reference  5). 

t . ~ . 2 . 3 Adjacent  channel  rejection.  The  receiving 
function  shall  ensure  an  effective  adjacent  channel 
rejection  as  follows: 

a.  25 -kHz  channel  spacing  environment:  50  dB  or  more  .it 

plus  r minus  25  kHz  with,  respect  to  the  assigned  fre 
quern  v and  40  dl  or  more  at  plus  or  minus  17  kHz; 

1 -I)  kHz  channel  spacing  environment:  50  dB  or  more 

at  plus  or  minus  50  kHz  with  respect  to  the  assigned 
frequenev  and  40  dB  or  mon  at  plus  or  minus  35  kHz; 
e.  1 1)0-  kHz  cnannel  spacing  environment  50  dB  or 
mori  at  pin-  or  nunu  100  kHz  with  respect  to  the 
assigned  frequency; 

l.  .2.4.  kl  COMM!  NDAT ION  Whenever  practicable,  the 
receiving  systei:  should  ensure  an  effective  adjacent 
channel  rejection  characterist  i of  (ill  dB  or  more  at 
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plus  or  minus  25  kHz,  50  kHz  and  100  kHz  from  the 
assigned  frequency  for  receiving  systems  intended 
to  operate  in  channel  spacing  environments  of  25  kliz, 

50  kHz  and  100  kHz  respectively. 

The  Federal  Communications  Commission  has  provided  for  the 
conversion  of  the  117.975-136  MHz  band  to  25- kHz  spacing.  The 
FCC  Rules  and  Regulations  have  been  changed  to  reflect  this  change, 
as  discussed  by  FCC  in  the  following  paragraph/ 

23.  In  summary,  we  are  amending  the  rules  to  provide  for 
a virtual  doubling  of  the  frequencies  in  the  aeronautical 
mobile  (R)  band  117.975-136  MHz  by  providing  for  25-kllz 
channel  spacing.  We  are  changing  the  frequency  tolerances 
of  both  new  ground  transmitting  and  new  airborne  trans- 
mitting equipment  to  0.002  and  0.003  percent  respectively. 

The  emission  13A9  will  be  authorized  throughout  the  oper- 
ational control  band.  We  are  establishing  a cut-off  date 
(1-1-74)  for  the  type  acceptance  of  new  ground  and  airborne 
transmitters  but  not  for  the  utilization  of  existing  equip- 
ment. We  are  leaving  this  docket  open  pending  the  final- 
ization of  FAA's  implementation  plan  and  of  proven  evidence 
that  continued  use  of  50-kllz  configured  equipment  in  the 
system  causes  unacceptable  interference  to  the  aeronautical 
community  . We  are  providing  the  25-kllz  frequencies  and 
the  new  tolerances  to  make  it  possible  for  manufacturers, 
station  operators  and  users  to  proceed  with  the  improvement 
of  the  system.  We  are  providing  for  amendments  which  will 
allow  better  coordination  and  fuller  usage  of  the  flight 
test  frequencies.  In  our  opinion  these  amendments  will 
allow  for  an  assist  in  improvements  to  the  existing  aero- 
nautical mobile  (R)  service  in  a manner  most  suitable  to 


^Federal  Communication  Commission  Report  and  Order  Regarding  Aeronautical 
Mobile  (R)  VHF  Band,  Federal  Register,  October  19,  1973. 
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the  « ■ i r 1 c ih  d:  • • f .1  i r carriers  to  modi  f>  the  offset 
carrier  system.  th>  f inane i a 1 needs  of  general  aviation 
for  adequate  amort  i at  ion  time,  and  the  FAA's  imple- 
mentation of  the  air  space  above  18,000  feet.  Lacking 
a definitive  IAA  implementation  program  it  would  be 
unreasonable  for  the  Commis  ion  to  impose  cut-off  dates 
on  aircraft  operators  which  )uite  conceivably,  would 
result  in  a considerable  expenditure  for  new  equipment 
of  no  improved  value  for  lack  of  improved  ground  equip- 
ment with  which  to  communicate. 

rhe  paragraphs  quoted  above  indicate  that  conversion  to  equip- 
ment with  25-kHz  selectivity  is  not  mandatory  at  any  specific  future 
time  in  the  US,  and  that  conversion  is  required  by  ICAO  only  in  cer- 
tain unspecified  areas  of  the  world.  However,  Information  has  been 
provided  to  f.CAC  indicating  that  Canadian  commercial  aircraft  will 
be  converted  to  the  25  kli_  selectivity  in  accordance  with  the  ICAO 
schedule,  i.c.,  not  later  than  January  1,  1977.  Information"  pro- 
vided to  ICAC  by  ARINC  indicates  that,  in  the  IJS,  nearly  all  com- 
mercial aircraft  are  expected  to  he  converted  to  25-kHz  selectivity 
not  later  than  August  1977.  Most  ARINC  ground  stations  in  the  151.4- 
152  MHz  hand  have  been  converted  to  5-kHz  selectivity  at  the  present 
time,  conversion  of  all  station:-  in  this  hand  is  expected  to  be  com- 
plete by  January  1977. 


Il  l CONS  between  J.  Prei  , liCAC,  Ted  Page,  I AA,  and  Wayne  Longman. 
Can.nl  i m Mini  in  of  Transport,  Ottawa,  August  4,  1975. 

8TLLC(  \S  between  J.  I’reis,  I CAC  and  R.  Sol  lien,  ARINC,  July  8,  1975 
and  October  9,  1975. 
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The  airborne  transceivers  are  ARINC  characteristic  546,^ 

566, 10  and  566A11  units.  They  transmit  a 6A5  modulated  25-50 
watt  carrier  at  an  exact  multiple  of  50  kHz,  or  25  kHz  ± 6 kHz, 
or  t 4 kHz  stability  respectively.  They  can  receive  6A5  modulated 
signals  above  -155.5  dBW  (155.5  dB  below  1 watt)  offset  by  as  much 
as  8 kHz  from  an  even  multiple  of  50  kHz  (or  25  kHz). 

The  ground  transceivers  are  similar  to  the  airborne  trans- 
ceivers except: 


1.  Transmitter  power  varies  from  5 watts  to  1000  watts. 

2.  The  transmitted  carrier  frequency  may  be  offset  by 
as  much  as  8 kHz  from  an  exact  multiple  of  50  kHz  (or  25  kHz).  In 
the  operational  control  band  in  the  US,  offsets  up  to  8 kHz  are 
used.  No  offsets  are  used  in  the  125.4  to  126.0  MHz  band  in  the  US 
and  Canada  except  in  Alaska.  In  areas  where  offsets  are  used  the 
stability  is  assumed  to  be  0 kHz. 

5.  In  areas  where  offsets  are  not  used  the  stability  is 
+ 6 kHz  for  50-kHz  channels  ± 5 kHz  for  25-kllz  channels. 


’ Airborne  VHF  Communications  Transceiver  System,  ARINC  Characteristic 
No.  546,  Aeronautical  Radio,  Inc.,  October  1961. 

10 Airborne  VHF  Communications  Transceiver  and  Mark  1 VHF  SATCOM  Systems, 
ARINC  Characteristic  No.  566,  Aeronautical  Radio,  Inc.,  October  17,  1968. 

i[Mark  3 VHF  Cormunications  Transceiver,  ARINC  Characteristic  No.  566A, 
Aeronautical  Radio,  Inc.,  August  25,  1972. 
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SECTION  3 


ANALYS I S 


POTENTIAL  INTERFERENCE  SITUATIONS 


There  are  7 potential  interference  situations.  FIGURES  4 
through  6 show  the  situations  where  the  terrestrial  system  po- 
tentially interferes  with  the  AEROSAT  system.  FIGURES  7 through 
10  show  the  situations  where  the  AEROSAT  system  potentially  inter- 
feres with  the  terrestrial  system.  In  all  7 figures,  a desired 
signal  path  is  designated  with  a D and  an  undesired  signal  path 
is  designated  with  a U. 


FIGURE  4.  TERRESTRIAL  SYSTEM  POTENTIAL  INTERFERENCE 
TO  THE  SATELLITE  RECEIVER. 
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1 IGURi:  5.  TERRESTRIAL  SYSTEM  GROUND  TRANSMITTER 
POTENTIAL  INTERFERENCE  TO  THE  AI ROSAT 
AVIONICS  RECEIVER. 
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FIGURE  6.  TERRESTRIAL  SYSTEM  AIRBORNE.  TRANSMITTER 
POTENTIAL  INTERFERENCE  TO  Till  AEROSAT 
AVIONICS  RECEIVER. 
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FI  (HIRE  7.  A EROS AT  SATELLITE  TRANSMITTER  POTENTIAL 
INTERFERENCE  TO  THE  TERRESTRIAL  SYSTEM 
GROUND  RECEIVER. 
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FIGURI  8.  AEROSAT  SATELLITE  TRANSMITTER  POTENTIAL 
INTERFERENCE  TO  THE  TERRESTRIAL  SYSTEM 
AIRRORNE  RECEIVER. 
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FIGURE  9.  AEROSAT  AIRBORNE  TRANSMITTER  POTENTIAL 
INTERFERENCE  TO  THE  TERRESTRIAL  SYSTEM 
GROUND  RECEIVER. 


* 


. 

i 

■ 

f 

i 

!i 


»mosA? 


: I MHtMK  I 


Al  ■<  II" 


FIGURE  10.  AEROSAT  AIRBORNE  TRANSMITTER  POTENTIAL 
INTERFERENCE  TO  THE  TERRESTRIAL  SYSTEM 
AIRBORNE  RECEIVER. 
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General 

This  section  provides  the  mathematical  development  of  the 
factors  (such  as  interference  thresholds  and  propagation  factors) 
used  in  the  interference  calculations. 

Antennas  and  Transmi ss ion  Li nes 

All  antennas  in  the  terrestrial  system  arc  vertically  polarized 
and  designed  to  be  omni-directional  (except  for  special  cases  which 
will  be  noted).  The  ground  antennas  have  some  gain  which  is  assumed 
to  be  balanced  by  line  losses.  The  terrestrial  system  airborne  an- 
tennas have  O-dBi  gain  and  the  transmission  line  loss  is  assumed  to  be 
1 dB. 


All  antennas  in  the  AEROSAT  system  will  be  left-hand  circularly 
polarized.  The  satellite  antenna  will  have  a gain  of  10  dBi  over  the 
entire  area  of  coverage.  For  the  airborne  antenna,  AEROSAT  will  use 
the  BOEINTi  747  SATCOM  Antenna.  This  antenna  is  designed  to  give  maxi- 
mum gain  for  I.H  circularly  polarized  signals  in  all  directions  with 
an  elevation  of  10°  or  more  (the  gain  is  -2  dBi  to  + S dBi  over  that 
region)  and  minimum  gain  elsewhere.  The  transmission  line  losses  and 
transmitter  powers  are  such  that  19  dBW  is  delivered  to  the  airborne 
antenna  and  IS  dBB  is  delivered  to  the  satellite  antenna. 

For  calculating  interference  between  the  AEROSAT  system  and  the 
terrestrial  system,  the  vertical  polarization  characteristics  of  the 
BOEINd  antenna  are  needed.  FIGURES  11  and  12  give  the  upper  and  lower 
bounds  of  measured  antenna  voltage  gain  for  all  types  of  linear  polari- 
zation. It  is  impossible  to  determine  where  between  the  upper  and  lower 


I I CURE  11.  BOF.INC.  747  SATCOM  ANTENNA  VOLTAGE 
PATTERN  FOR  1.1NEAR  POLARIZATION 
(PITCH  PATTERN). 
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bounds  the  vertical  polarization  pattern  would  be.  Since  the 
vertical  polarization  pattern  for  the  Boeing  antenna  is  only 
used  to  calculate  gains  for  signals  traveling  between  the  two 
systems  (undesired  signals),  the  upper  bound  will  result  in  higher 
predicted  interference  power  and  will  be  used  for  this  analysis. 
The  dark  rings  in  FIGURES  11  and  12  with  a radius  of  6.3  represent 
isotropic  O-dB  reference  gain. 

Since  antenna  heights  between  10  and  1000  feet  would  yield 
equivalent  results,  all  ground  antennas  were  assumed  to  be  50 
feet  above  ground.  All  airborne  antennas  were  assumed  to  be  at 
40,000  feet  above  ground  unless  otherwise  noted.  All  satellite 
antennas  were  assumed  to  be  19,400  nautical  miles  (nmi)  above 
ground . 

F ropagation 

The  free- space  propagation  factor  between  two  antennas  is 
given  by: 

L = -20  log  f - 20  log  D - 37.8  (1) 

where 

I,  ^ = the  free-space  propagation  factor,  in  dB 

f = the  frequency,  in  MHz 

1)  = the  separation  distance  between  the  two  antennas, 

in  nautical  miles  (nmi). 

For  f = 125.7  MHz  and  131.7  MHz  (the  centers  of  the  AEROSAT 

VHF  bands)  the  values  of  L become: 

P 
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L.  at  125.7  Mile  -79.8  - 20  log  D 
P 

L at  131.7  Mil:  = -80.2  20  loo  [>. 

P 

lor  communication  with  a geostationary  satellite,  the  distance 

D varies  from  19,400  nmi  to  22,000  nmi  depending  on  the  satellite 

elevation  angle.  Therefore  L becomes: 

P 

L satel  lite-to-earth  (125.7  MHz)  = -165.6  dB  to  -166.6  dB 

p 

L earth- to-satellite  (131.7  MHz)  = -166.0  dB  to  -167.0  dB. 

P 

Ionospheric  if feet s 

The  ionosphere  is  a plasma  of  free  electrons  and  nuclei  with  a 
magnetic  field.  The  refractive  index  of  a plasma  is  a function  of 
the  charge  density.1 

This  charge  density  is  not  a constant.  The  ionosphere  contains 
many  "clouds"  of  higher  charge  tensity  that  cause  perturbations  in 
the  signals  passing  through  them.  These  clouds,  which  often  reach 
a length  of  several  hundred  yards,  act  like  lenses,  focusing  the 
waves  on  certain  regions  while  shading  other  regions.  The  exact  ef- 
fects these  clouds  have  depends  on  their  shape,  size,  number,  and 
the  magnetic  field  present.  Due  to  the  different  refractive  indices 
encountered,  waves  may  he  delayed  at  times  causing  unusual  phase 
effects. 

These  perturbations  are  called  scintillations.  The  frequencies 
of  the  scintillations  range  from  one  cycle  per  second  to  two  minutes 
per  cycle.  Fhe  magnitude  varies  depending  on  location  and  time  of 

‘‘Stratton,  . A.,  Elect  rom-iym  t :c  Theory,  McGraw-Hill,  New  York, 

1 94 1 . 
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day.  Scintillation  is  usually  worst  around  midnight.  Since  scin- 
tillation is  a function  of  magnetic  field,  it  is  not  surprising 
that  scintillation  intensity  is  dependent  on  invariant  geomagnetic 
latitude.  Invariant  geomagnetic  coordinates  arc  a function  of 
the  magnetic  poles  and  are  shown  in  FIGURI  1.1. 


90°  W 60°W  30°W  0°  30°l 


A denotes  invariant  geomagnetic  latitude. 

FI  CUR!  13.  MAP  WITH  INVARIANT  GEOMAGNF.TIC  COORD  1 NATES . 

There  are  five  scintillation  regions.  The  VHF  scintillation 
levels  in  the  five  regions  are  given  in  TABLE  I.  The  present  Is 
available  measured  data  displays  large  variations.  therefore,  onlv 
approximate  values  can  be  assigned  at  this  time  for  consideration  in 
this  analysis. 
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VIII  SC  I \T  I 1.1.  AT  I ON  I.LV1  LS  (APPROX  I MATT A 


Reg  ion 

I. a 1 1 1 udt'S 

Signal  Level  Relative  to 
the  Median  Ixceeded  l"o 
of  the  Time 

Signal  Level 
Relat i ve  to  the 
Median  exceeded 
99%  of  t he  lime 

Polar 



75°  - 90° 

5 dB 

- 4 dB 

1 rrcgulari ty 

1 

■^4 

° 

(>  dB 

1 

- 5 dB 

Boundary 

50°  - 60° 

3 dB 

1 

- 2 dB 

Mi d- La t i t ude  ■ 

O 

1 

'-n 

0 

<.5  dB 

>-.5  dB 

hquatori a 1 

0°  - 15° 

.5  dB 

~3 

l 

1 


! 1 ORf  14  ■-how  - conti niKius  curves  that  approximate  the  data  in 
TABLE  1. 

A more  complete  discussion  of  scintillation  may  be  found  in  the 
literature  ■ 1 **  from  which  the  information  used  in  the  proceeding  dis- 
cussion was  obtained. 

Mult i path 

In  addition  to  the  line  ot-sight  path  between  transmitter  and  re- 
ceiver, the  signal  ma>  simultaneously  travel  along  a second  path  that 
reflects  off  of  the  earth's  surface  ns  shown  in  FIGURI:  15. 


Inis  phenomenon  is  called  multipath.  Since  the  two  paths  do  not 
have  the  same  length,  the  signals  may  not  be  in  phase.  Depending  on 
the  phase,  the  reflected  wave  may  reinforce  or  cancel  the  direct  wave. 

•'Giordano,  .!.  A.,  Ionospheric  Scintillations , MTR-b559,  Mitre  Corporation, 
December  3,  1973. 

1‘*li  lk  ins,  T.  J.,  and  Slack,  F.  F.,  Observations  of  Traveling  Ionospheric 
Disturbances  Using  Stationary  Satellites , Journal  of  Atmospheric  and 
Terrestrial  Physics  1969,  Vol.  31,  pp.  431-439. 
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Id  model  multip.-ith,  what  happens  when  tin  signal  reflects  off  the 
earth's  surface  need1  to  he  known.  This  is  described  hv  the  rc- 
flection  coefficient  (R  of  the  earth's  surface  and  by  the  di- 
vergence factor  (Df)  due  to  the  curvature  of  the  earth.  The  di- 
vergence factor  is  given  by: 


Df 


where 


V. 


r.,)  sin9 


(2) 


Df  the  divergence  factor 

r1  = the  distance  from  the  transmitter  to  the  point 
of  reflection 

r,  the  distance  from  the  receiver  to  the  point  of 
ref I ection 

the  angle  between  the  ray  and  the  reflecting  surface 
(grazing  angle) 

a = the  radius  of  curvature  of  the  surface. 


I ICIIRI  IS.  MULTIPATH  DIAGRAM. 
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Due  to  the  high  reflection  coefficient  of  saltwater,  maximum 
multipath  effects  occur  when  the  reflecting  surface  is  sea  water. 
The  reflection  coefficient  for  sea  water  at  ISO  MHz  is  given  in 
1 IGURF  lh.  The  upper  curve  (Rt))  represents  the  magnitude  of  the 
reflection  coefficient  for  horizontally  polarized  signals.  The 
lower  curve  ( R ^ ) represents  the  magnitude  of  the  reflection  co- 
efficient for  vertically  polarized  signals. 


The  magnitude  of  the  reflected  field  at  the  receiver  is  given 
by: 

-►  -> 

| Hr | = RDf | Hi | (3) 

where 

-> 

| Hr | = the  magnitude  of  the  reflected  field 

-> 

| Ei | = the  magnitude  the  field  would  have  had  if  it 

had  traveled  the  same  path  but  reflected  off 
a flat,  perfectly  reflecting  surface. 

The  field  at  the  receiver  is  the  algebraic  sum  of  the  direct 
path  field  and  the  reflected  field.  Maximums  and  minimums  occur  when 
the  fields  are  in  phase  and  180°  out  of  phase,  respectively. 

The  propagation  (including  multipath)  between  two  antennas  below 
the  ionosphere  was  modeled.  The  propagation  loss  including  antenna  and 
multipath  factors  will  be  referred  to  as  the  coupling  factor  in  this 
report.  There  are  3 propagation  paths  that  are  important  to  this  analysis 


1.  Propagation  between  two  omni-directional  antennas,  one  at 
an  altitude  of  50  toot,  the  other  at  40,000  feet.  This  represents  de- 
sired air-ground  propagation  in  the  terrestrial  system  as  shown  in 
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FIGURES  7,  8,  9,  and  10.  FIGURE  17  shows  the  coupling  factor  (CF) 
as  <:  function  of  the  horizontal  distance  between  the  antennas  for 
this  case.  FIGURE  17  will  be  used  to  calculate  all  desiied  signal 
strengths  in  the  terrestrial  system. 

2.  Propagation  between  a Boeing  747  SATCOM  antenna  at 
an  altitude  of  40,000  feet  and  an  omnidirectional  antenna  at  an 
altitude  of  50  feet.  This  represents  undesired  air-ground  propa- 
gation between  the  terrestrial  system  and  the  AFROSAT  system  as 
shown  i FIGURES  5 and  9.  FIGURE  18  shows  the  coupling  factor  as 
a function  of  the  horizontal  distance  between  antennas  for  this 
case.  FIGURE  18  will  be  used  to  calculate  undesired  signal  strengths 
for  the  cases  shown  in  FIGURES  5 and  9. 

3.  Propagation  between  a Boeing  747  SATCOM  antenna  and 

an  omnidirectional  antenna  both  at  altitudes  of  30,000  to  40,000  feet 
but  not  necessarily  at  the  same  altitude . This  represents  undesired 
air-air  propagation  between  the  terrestrial  system  and  the  AFROSAT 
system  as  shown  in  FIGURES  6 and  10.  FIGURE  19  shows  the  coupling 
factor  as  a function  of  the  horizontal  distance  between  the  antennas 
for  this  case.  FIGURE  19  will  be  used  to  calculate  undesired  signal 
strengths  for  the  cases  shown  in  FIGURES  6 and  10. 

These  three  figures  include  antenna  effects  and  represent  the 
coupling  between  the  antenna  terminals  of  the  transmitting  antenna 
and  the  antenna  terminals  of  the  receiving  antenna.  In  each  figure, 
the  upper  curve  represents  maximum  signal  strength  (reflected  signal 
in  phase  with  the  direct  signal),  the  lower  curve  represents  minimum 
signal  strength  (reflected  signal  180°  out  of  phase  with  the  direct 
signal),  and  the  middle  curve  represents  the  propagation  factor  for 
the  direct  path  signal  (reflected  signal  nonexistence). 

This  analysis  will  be  concerned  with  the  worst  possible  inter- 
ference where  the  desired  signal  is  minimum  while  the  undesired  signal 
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is  maximum.  Therefore  the  lower  curve  in  FIGURE  17  and  the  upper 
curves  in  FIGURES  18  and  19  are  of  primary  interest.  These  curves 
are  darkened  for  convenience. 

In  addition  to  the  reflected  signal  being  in  phase  with  the 
direct  signal,  all  possible  airplane  altitudes  are  considered  in 
FIGURE  18  and  the  maximum  propagation  factor  is  picked.  This  is 
important  at  distances  of  less  than  5 nmi  (which  are  included  in 
FIGURE  19). 

lor  desired  signals  between  an  AEROSAT  aircraft  and  a satellite, 
the  MOU  defines  a link  margin  of  11  dB  for  "Scintillation,  Multipath, 
and  System  Margin."  This  figure  will  be  used,  in  lieu  of  calculating 
scintillation  and  multipath  minimums,  in  all  calculations  for  which 
it  is  applicable. 

Receiver  Characteristics 


AEROSAT  Receiver  Characteristics.  The  AEROSAT  receiver  noise 
temperature  will  be  at  most  1,100  K.  The  IF  bandwidth  (for  the  air- 
borne receiver)  will  be  approximately  20  kHz . The  AEROSAT  voice  and 
data  demodulators  will  use  phase  locked  loop  (PLL)  detectors,  which 
will  provide  selectivity  in  addition  to  the  IF  selectivity. 

While  the  specific  PLL  planned  for  use  in  the  AEROSAT  system  was 
not  available  for  analysis,  an  understanding  of  how  a phase  locked 
loop  works  will  provide  some  of  its  performance  characteristics  in  the 
presence  of  interference. 

It  is  first  necessary  to  understand  how  a Voltage  Controlled 
Oscillator  (VCO)  generates  FM.  A VCO  is  an  oscillator  whose  frequency 
is  proportional  to  the  controlling  voltage.  By  applying  a DC  voltage 
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to  the  VCO,  a constant  frequency  "carrier"  output  is  obtained.  By 
superimposing  an  audio  signal  on  the  DC  input  voltage  to  the  VCO, 
a frequency  modulated  carrier  output  is  obtained.  A VCO  is  essen- 
tially an  FM  modulator. 

A typical  PL1.  is  diagrammed  in  FIGURE  20.  The  output  of  the 
VCO  is  compared  to  the  PEL  input  signal  be  a phase  detector.  The 
output  of  the  phase  detector  is  "fed  back"  into  the  VCO  through  a 
filter.  The  PLL  locks  on  to  the  input  signal  and  the  output  of  the 
VCO  equals  the  PLL  input  signal.  In  effect  the  VCO  is  mimicking  the 
transmitter  that  originally  transmitted  the  signal.  Therefore  the 
input  to  the  VCO  must  also  mimic  the  input  to  the  transmitter  that 
originally  transmitted  the  signal.  This  signal  is  the  output  of  the 
PLL. 


INPUT 


AUDIO  OUT 


FIGURE  20.  PHASE  LOCKED  LOOP  DETECTOR. 

The  filter  is  an  audio  filter,  but  because  of  its  location  in 
the  detector,  it  acts  like  an  IF  filter.  The  VCO  and  phase  detector 
act  like  an  oscillator-mixer  with  an  output  IF  center  frequency  of 
zero  lit..  For  example  if  the  filter  is  a low  pass  filter  with  a 3-dB 
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point  of  3 kHz,  it  would  act  like  an  IF  filter  that  attenuates 
signals,  3-kHz  off  tune,  3 dB  (i.e.  a 3-dR  IF  bandwidth  of  6 kHz). 

Very  high  selectivity  is  possible  with  a phase  locked  loop, but 
being  a feedback  system,  the  higher  order  filters  necessary  for 
high  selectivity  cause  stability  problems.  The  filter  in  the 
AF.ROSAT  VHF  receiver  will  have  a transfer  function  like  (Reference  3): 


where 


s = complex  frequency 
T = a constant. 

A PLl.  with  a filter  with  the  above  transfer  function  is  "second 
order." 

The  VCO  in  a I’LL  has  a maximum  range  of  frequencies  over  which 
it  can  vary.  The  PLI.  cannot  lock  on  the  signals  outside  this  range, 
hence,  the  frequency  range  is  named  the  lock-in  range. 

1'he  PLL  detector  in  the  AEROSAT  VHF  receivers  will  have  the 
following  characteristics: 

1.  The  PLL  will  be  sensitive  to  interfering  signals  at  the 
same  frequency  as  the  desired  signal  (co-channel  interference).  A co- 
channel undesired  signal  at  the  same  level  as  the  desired  signal  will 
cause  consistent  loss  of  lock  and  therefore  makes  communication  im- 
possible . 1 

2.  An  interfering  signal  that  is  not  co-channel  but  is  in- 
side the  lock  in  range  will  be  capable  of  pulling  the  PLL  away  from 

lf,Britt,  C.  V.  and  Palmer,  D.  F.,  Effects  of  CW  Interference  on  Narrow- 
Band  Second-Order  Phase  Lock  Loops,  Research  Triangle  Institute,  Re- 
search Triangle,  NC,  July  27,  196b. 
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tiie  desired  signal  so  that  the  I’LL  locks  on  to  the  undesired  signal. 

It  is  not  known  how  strong  an  undesired  signal  is  necessary  to  make 
the  PLL  switch  lock. 

3.  An  interfering  signal  that  is  outside  the  lock  in 
range  will  not  break  the  lock  of  the  PLL  but  may  still  cause  some 
distortion . 

Loss  of  lock  is  the  most  serious  degradation  a PLL  can  suffer. 

If  a PLL  is  not  locked  on  to  a signal,  it  is  not  demodulating  that 
signa  1 . 

The  ALROSAT  data  demodulator  will  be  a PLL  with  characteristics 
similar  to  the  voice  demodulator. 

Terrestrial  System  Receiver  Cl aracter istics . An  airborne  re- 
ceiver in  the  terrestrial  svstem  is  the  receiver  part  of  an  ARINC 
characteristic  54b,  566,  or  566A  transceiver  (References  9,  10,  and 
11).  The  sensitivity  is  such  that  a carrier  with  a power  of  -133.5  dBW, 
with  a 1 , 000- Hz  tone  modulating  it  30°o  applied  to  the  antenna  terminals 
will  give  a signal -to-noise  ratio  (S/N)  at  the  speaker  terminals  of 
4.74  dB.  [ (S  + N)/N  = 6 dB| 

The  546  and  566  characteristic  transceivers  each  have  two  dif- 
ferent IF  selectivity  characteristics  (broad  and  narrow).  The 
selectivity  may  be  changed  by  interchanging  plug-in  filters,  or, 
in  some  units,  by  throwing  a switch.  The  broad  IF  selectivity  for 
both  transceivers  is  such  that: 

1.  The  6-dB  bandwidth  is  at  least  30  kite, 

2.  The  60-dB  bandwidth  is  at  most  63  kHz, 

3.  The  100-dB  bandwidth  is  at  most  80  kHz. 
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The  narrow  IF  selectivity  for  the  546  characteristic  transceiver 
is  such  that: 

1.  The  6-dB  bandwidth  is  at  least  1.3  kHz, 

2.  The  60-dB  bandwidth  is  at  most  37  kHz, 

3.  The  100-dB  bandwidth  is  at  most  47  kHz. 

The  narrow  IF  selectivity  for  the  566  characteristic  transceiver  is 
such  that: 

1.  The  6-dB  bandwidth  is  at  least  lb  kHz, 

2.  The  60-dB  bandwidth  is  at  most  30  kHz, 

3.  The  100-dB  bandwidth  is  at  most  37  kHz. 

The  566A  characteristic  transceiver  has  only  a narrow  IF  selectivity 
which  is  such  that: 

1.  The  6-dB  bandwidth  is  at  least  16  kHz, 

2.  The  60-dB  bandwidth  is  at  most  34  kHz, 

3.  The  100-dB  bandwidth  is  assumed  at  most  50  kHz. 

The  broad  selectivity  is  used  for  50-kHz  channels.  The  narrow 
selectivity  will  be  used  for  the  25-kHz  channels. 


The  audio  frequency  response  for  all  three  receivers  is  such  that: 


1.  From  300  Hz  to  2,500  Hz,  the  response  is  essentially 

flat, 

2.  There  is  sharp  cutoff  below  300  Hz, 

3.  There  is  a sharp  cutoff  above  2,500  Hz  with  frequencies 


above  5,750  Hz  attenuated  at  least  20  dB. 
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The  characteristics  of  the  ground  receivers  in  the  terrestrial 
system  meet  or  exceed  the  characteristics  of  the  airborne  receivers. 

All  receivers  in  the  terrestrial  system  are  tuned  to  the  center 
of  the  channel  they  are  receiving  even  if  the  transmitter  is  offset 
from  the  center  of  the  channel. 

Terrestrial  System  Receiver  Degradation  Thresholds . This  analysis 
will  be  concerned  with  the  performance  of  the  terrestrial  system  re- 
ceivers in  the  presence  of  an  interfering  signal  from  an  AHROSAT  trans- 
mitter whose  carrier  frequency  is  25  kHz  away  from  the  center  of  the 
channel  being  received.  For  all  types  of  terrestrial  system  receivers, 
an  undesired  signal,  25  kHz  away  from  the  center  of  the  channel  being 
received  and  stronger  than  -63  dBW,  (References  9,  10  and  11)  may  cause 
audible  cross  modulation.  Since  the  narrow  selectivity  rejects  signals 
below  -63  dBW  to  below  the  noise  level,  the  cross-modulation  specifi- 
cation is  the  limiting  factor  for  interference  to  terrestrial  system 
receivers  using  the  narrow  selectivity. 

Note  that  at  -63  dBW,  cross  modulation  is  only  "audible."  It  is 
not  known  at  what  undesired  signal  level,  cross  modulation  becomes  so 
severe  that  the  desired  communication  is  unintelligible. 

An  F.CAC  computer  program,  which  models  receiver  performance  in 
the  presence  of  interference,  was  used  to  determine  the  degradation 
thresholds  for  the  receivers  using  the  broad  selectivity.  The  computer 
program  considers: 

1.  The  type  of  receiver  (AM,  FM,  PM,  SSB,  or  FDM) , 

2.  The  IF  bandwidth, 

3.  The  IF  selectivity  characteristics, 

4.  Audio  frequency  response  and  rolloff  characteristics, 

5.  The  type  of  interference  (AM,  FM,  PULSE,  NONE,  etc.), 
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6.  The  modulation  on  the  interference  (1000  Hz  tone, 

2000  Hz  tone,  voice  shaped  noise,  no  modulation,  etc.), 

7.  The  RF  signal  to  noise  ratio, 

8.  The  RF  signal  to  interference  ratio, 

9.  The  frequency  separation  between  the  signal  and  the 
interference . 

Outputs  of  the  program  are: 

1.  Ihe  output  si gnal - to-noise  ratio  at  the  speaker  terminals, 

2.  The  articulation  index  (AI) . 

Articulation  index  is  a number  between  0 and  1 that  represents  how 
well  the  desired  communication  can  be  understood.  It  differs  from 
articulation  score  (AS)  which  is  the  average  percent  score  that  an 
average  listener  would  get  on  a test  where  the  listener  hears  a broad- 
cast of  random  words  (i.e.  not  sentences)  and  tries  to  identify  the 
words.  Note  that  for  words  in  sentences,  understanding  would  be  higher. 

AI  is  derived  by  purely  mathematical  means  while  AS  is  calculated 
from  listener  tests.  An  AS  of  50%  means  that  communication  is  such 
that  only  50?o  of  the  words  are  understandable  while  an  AI  of  0.5  onlv 
means  communication  is  better  than  for  an  AI  of  0.4  and  worse  than  for 
an  AI  of  0.6.  However,  for  a particular  type  of  interference,  the  re- 
lationship between  AS  and  AI  is  approximately  constant.  The  relation- 
ship between  AS  and  AI  for  an  FM  voice  signal  interfering  with  AM  is 
shown  in  FIGURF.  21.  16 

DPSK  interference  on  AM  communications  produces  annoying  sounds 
that  cause  listener  fatigue,  but  the  AS  is  much  higher  than  for  FM 

lf,KravitZ,  F.,  Communications/Electronics  Receiver  Performance  Degra- 
dation Handbook,  ESD-TR-73-014,  ECAC,  Annapolis,  MI),  duly  1973. 
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voice  interference  on  AM.  Therefore  AF.ROSAT  voice  communications 
would  cause  more  interference  to  the  terrestrial  system  than  AFROSAT 
data  communications  would  under  the  same  conditions. 


FIGURE  21.  ARTICULATION  SCORF.  AS  A FUNCTION 
OF  ARTICULATION  INDLX,  FOR  FM 
VOIC!  OR  AM  VOICE. 

Two  types  of  receivers  were  modeled  on  the  computer.  An  ARINC 
characteristic  346  and  56b  transceiver  using  the  broad  selectivity 
was  modeled,  and  since,  in  some  areas  of  the  world,  some  receivers 
don't  meet  the  ARINC  specifications,  a "worst-case"  receiver  was 
also  modeled. 

The  specifications  for  the  worst-case  receiver  were  the  same 
as  the  ARINC  characteristics  except: 

1.  The  sensitivity  is  -125  dBW  (instead  of  -133.7  dRW) , 

2.  The  IF  6-dB  bandwidth  is  40  kHz, 


45 


FAA  RD  ”7-56, 


1 


Sot  t i on  3 


3.  The  IF  60-dB  bandwidth  is  126  kHz, 

4.  The  IF  100-dB  bandwidth  is  272  kHz. 

The  sensitivity  characteristic  is  based  on  international  regu- 
lations (Reference  5).  The  selectivity  is  that  of  three  double-tuned 
II  stages  with  a bandwidth  of  40  kHz.  The  ARINC  characteristic  broad 
selectivity  is  approximately  that  of  five  double-tuned  II  stages  with 
a bandwidth  of  30  kHz. 

A 4.74-dB  S/N  ratio  at  the  speaker  terminals,  in  tin  ease  where 
there  is  no  interference,  corresponds  to  an  A!  of  0.5.  However,  an 
experienced  pilot  can  understand  ATC  messages  100“.  of  the  time  at  an 
AI  of  only  0.3. 1 The  0.5  AI  figure  was  chosen  as  the  threshold  for 
acceptable  communication  for  this  analysis  to  accommodate  inexperienced 
listeners  and  non  ATC  messages  used  in  the  operational  control  svstem. 

The  case  of  an  interfering  signal,  with  the  characteristics  of  AF.ROSAT 
voice  communications  with  25-kllz  channel  separation  was  modeled.  Curves 
of  undesired  signal  strength  (U)  as  a function  of  desired  signal  strength, 
(Dj  for  a constant  AI  of  0.5,  for  the  two  receivers  are  given  in  FIGURI 
22.  These  curves  will  be  referred  to  as  the  degradation  threshold  curves 
for  the  rest  of  this  report.  Pue  to  cross  modulation,  the  maximum  unde- 
sired  signal  strength  that  can  be  tolerated  is  -63  dRt\.  The  degradation 
threshold  curves  include  this  -63  dBW  maximum  but  for  that  part  of  the 
curves  the  AI  is  not  necessarily  0.5.  The  carrier  offsets  used  in  the 
terrestrial  system  do  not  affect  the  degradation  thresholds. 

CALCULATIONS 

I he  Necess ity  of  I nt  or 1 > av i ng 

With  terrestrial  system  channels  centered  at  multiples  of  50  kHz, 
it  has  been  proposed  that  the  ALROSAT  channels  be  centered  at  odd 

17Gierhart,  G.  D. , Hubbard,  R.  W. , and  Glen,  D.  V.,  Electrospace 
Planning  and  Engineering  for  the  Air  Traffic  Env  ivonment , FAA-RP- 
70-71.  US  Department  of  Commerce,  Boulder,  CO,  December  1970. 
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multiples  of  23  kli  ^ This  technique,  which  locates  the  ARE:  OS  AT 
channels  between  the  terrestrial  system  channels,  is  called 
interleaving. 


D IN  dBW 


FIGURE  22.  DEGRADATION  THRESHOLD  CURVES 
FOR  THE  CASE!  01  AEROSAT  INTER- 
IERENCE  25  kHz  OFF  TUNE  TO 
TERRESTRIAL  SYSTEM  RECEIVERS. 


The  average  signal  strength  of  the  satellite  signal  at  the  earth 
surface  is  given  by: 

Satellite  EIRE  = 25  dBW 

Propagation  Loss  = -lb6  dB 

[)  = -141  dBW 

avg 

The  average  signal  strengtti  of  a 25-watt  signal  (such  as  that 
radiated  by  an  ARINC  characteristic  transmitter  on  an  airplane)  at  a 
distance  of  100  nautical  miles,  is  given  by: 
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Transmitter  Output  = 

14 

dBW 

Transmission  Line  Loss  = 

-1 

dR 

Antenna  Gain  = 

0 

dBi 

Propagation  Loss  = 

-120 

dB 

(/ 

-107 

dBW 

avg 

The  AFROS  VI  Phase  Locked  Loop  Demodulator  will  not  tolerate  co-channel 
interference  stronger  than  the  desired  signal.  Therefore  if  the  satel- 
lites were  to  transmit  on  the  same  frequencies  as  those  used  by  the 
terrestrial  system,  their  signals  would  not  be  received.  Since  the 
terrestrial  system  channels  cannot  be  reallocated,  interleaving  is 
necessary . 


I nterfercnce  to  the  ATROSAT  System  by  the  Terrest rial  System 


Interference  to  the  Satellite  Receiver . FIGIJRF.  4 shows  the  case 
where  the  terrestrial  system  is  potentially  interfering  with  the  communi 
cation  from  the  AFROSAT  airborne  transmitter  to  the  satellite  receiver. 
The  ground  stations  and  the  airplanes  as  sources  of  interference  are  con 
sidered  together  because  the  distances  are  the  same.  This  interference 
case  is  in  the  151.4  to  152.0  MHz  band. 


The  minimum  desired-signal  strength  is  given  by: 


Antenna  Input  Power  = 19  dBW 

Minimum  Airborne  Antenna  Gain  = -2  dBi 

Propagation  Loss  = -167  dR 

System  Margin  = -11  dB 

Satellite  Antenna  Gain  = 10  dBi 


D . 


mi  n 


-151  dBW 
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System  margin  is  the  link  margin  defined  in  the  MOU. 


The  maximum  undos i red  signal  strength  (from  transmitters  in  the 
US  and  Canada,  to  satellites  over  the  Atlantic)  is  from  a 500-watt 


transmitter  at  131.8  Mil;  in 

Buffalo, 

New 

York 

strength,  U is  given  by: 

EIRP 

= 

27 

dBB 

Propagation  Loss 

= 

-167 

dB 

Multipath  Maximum 

= 

5 

dB 

Scintillation  Maximum 

= 

4 

dB 

Polarization  Loss 

= 

- 3 

dB 

Satellite  Antenna 

Ga  i n 

= 

10 

dBi 

IJ 

max 

= 

-124 

dBVs 

Therefore  the  minimum  protection  ratio,  (D/U)^.^,  is  given  by 


(D/Uj  . = -27  dB. 

mi  n 


A typical  transmitter  would  have  a power  of  50  watts  giving: 

U = -134  dBW 

max 


and 


(D/U)  = -17  dB. 

mi  n 

Since  scintillation  and  multipath  are  rarely  at  a maximum  simul- 
taneously, the  maximum  undesired  signal  strength  from  a particular  trans- 
mitter is  rarely  attained.  The  probability  that  the  undesired  signals 
from  two  transmitters  would  be  at  a maximum  simultaneously  is  extremely 
low.  Therefore,  although  there  are  many  transmitters  in  each  terrestrial 
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system  channel,  it  is  assumed  that  they  do  not  combine  to  produce 
a higher  undesired  signal  strength  at  a satellite  than  the  highest 
undesired  signal  strength  from  any  single  transmitter. 

The  selectivity  of  the  "satellite  receiver"  (see  the  discussion 
of  the  effective  satellite  receiver  in  the  system  description)  must 
be  sufficient  to  reject  the  maximum  undesired  signal  strength  from 
any  transmitter  in  the  131.4  to  132.0  MHz  band.  By  being  offset  8 kHz 
from  an  exact  multiple  of  50  kHz,  a ground  transmitter  carrier  may  be 
17  kHz  off  tune  from  the  center  of  an  AEROSAT  channel.  However,  all 
airborne  transmitters  and  most  US  and  Canadian  ground  transmitters 
with  greater  than  50-watt  outputs  are  not  offset.  However,  due  to 
instability  of  up  to  ± 6 kHz,  a transmitter  that  is  not  offset  may  be 
as  little  as  19  kHz  off  tune  from  the  center  of  an-ArrftOSAT  channel. 
Outside  the  US  and  Canada,  the  incomplete  data  that  has  been  supplied 
to  ECAC  indicates  that  offsets  are  not  used  in  the  131.4  to  132.0  MHz 
band.  This  data  also  indicates  that  there  are  no  undesired  signals 
that  exceed  -124  dBW. 

The  selectivity  requirements  for  the  "satellite  receiver"  are 
different  for  different  AEROSAT  channels.  APPENDIX  A contains  the 
US  and  Canadian  data  for  use  in  calculating  the  selectivity  require- 
ments for  specific  AEROSAT  channels.  Assuming  the  satellite  receiver 
will  have  the  same  selectivity  characteristics  for  all  channels,  the 
selectivity  requirements  are: 

1.  Signals  19  kHz  off  tune  at  -124  dBW  [ (D/U  . ) = -27  d B ) , 

and 

2.  Signals  17  kHz  off  tune  at  -128  dBW  [ (D/U^ . n)  = -23  dB|, 
must  be  rejected  by  the  satellite  receiver.  In  addition  to  the  selec- 
tivity requirements,  the  satellite  has  a limited  power  budget.  It  may 
not  be  able  to  translate  the  undesired  signals  to  the  5125  to  5250  MHz 
band  and  retransmit  them  without  excessive  power  consumption. 
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Interference  to  the  Airborne  AEROSAT  Receiver . FIGURES  5 
and  6 show  the  cases  where  the  terrestrial  system  is  potentially 
interfering  with  the  communication  from  the  satellite  to  the 
AEROSAT  airborne  receiver.  These  interference  cases  are  in  the 
125.4  to  126.0  MHz  band. 

The  minimum  desired  signal  strength  for  both  cases  is  given 

by : 

Satellite  EIRE 
Propagation  Loss 
System  Margin 
Air 'raft  Antenna  Gain 

l)  = -154  ciBlV . 

mm 

For  the  case  where  a ground  transmitter  is  the  potential  source 
of  interference,  the  maximum  undesired  signal  strength  is  given  bv: 


U 

max 

10  log  P ♦ CF 

* max 

(5) 

where 

P = 
CF 

max 

the  transmitter  power,  in  watts 

the  maximum  coupling  factor  (as  a function  of 
distance)  from  FIGURE  18  (upper  curve). 

Therefore  the  protection  ratio  is  given  by: 
,l)/IJjmin  = -154  dBW  - 10  log  P - CF 

max 

where  all  terms  have  been  defined  previously. 


= +25  dBW 

= -166  dB 

= - 1 1 dB 

-2  dB i 
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The  most  powerful  terrestrial  system  ground  transmitter  (in 

the  US  and  Canada)  in  the  125.4  to  126.0  MHz  hand  is  100  watts  (20 

dBW)  and  the  CF  from  FIGURE  18  is  -102  dB  so  the  minimum  0/'  is 
max 

-72  dB  (for  the  US  and  Canada)  . 

For  the  case  where  a terrestrial  system  airborne  transmitter 
is  the  source  of  interference,  the  analysis  is  identical  except 
P=50  watts  maximum  minus  1-dB  line  loss. 

Therefore : 


(D/U)  . = -154  dBW  - (16  dBW)  - CF 

min  max 

= -170  dB  - CF 

max 

where  CF  is  the  maximum  coupling  factor  from  FIGURE  19. 
ma  x ' 

The  minimum  D/U  that  the  AER0SAT  VHF  airborne  receiver  can 
tolerate  is  undefined.  The  minimum  D/U  that  the  AEROSAT  VHF  receiver 
will  have  to  tolerate  depends  on  how  close  to  the  125.4  to  1260  MHz 
band  terrestrial  system  the  AEROSAT  receiver  will  be  operating.  If 
an  AEROSAT  airplane  were  inside  the  area  of  coverage  of  a ground  station 
operating  in  the  band,  then  terrestrial  system  airplanes  could  get  as 
close  as  3 nmi  to  the  AEROSAT  airplane  for  an  extended  period  of  time. 
The  CF  between  an  AEROSAT  airplane  and  a terrestrial  system  airplane 
at  3 nmi  is  -86  dB,  resulting  in  a D/U  of  -84  dB.  A D/U  of  -84  dB 
represents,  more  interference  than  will  be  encountered  due  to  any  ground 
transmitter.  Therefore  -84  dB  is  the  protection  ratio  required  for 
AEROSAT  to  be  able  always  to  operate  inside  the  area  of  coverage  of  a 
ground  station.  Since  no  offsets  are  used  by  airborne  transmitters, 
the  interfering  signal  will  be  at  least  19  kHz  off  tune. 

A receiver  capable  of  rejecting  an  undesired  signal  only  19  kHz 
off  tune  and  84  dB  above  the  desired  signal  level  is  very  difficult 
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to  build.  Even  if  the  selectivity  is  great  enough  to  reject  the 
signal,  the  front  end  may  not  be  able  to  handle  such  a strong  inter- 
fering signal.  If  the  front  end  is  designed  so  that  the  interfering 
signal  does  not  overload,  desensitize,  produce  intermodulation  in, 
or  otherwise  disturb  it,  then  the  sensitivity  may  be  compromised. 

However,  the  D/IJ  of  -84  dB  occurs  rarely,  and  only  when  an 
AEROSAT  airplane  is  inside  the  area  of  coverage  of  a terrestrial 
system  ground  station  in  the  125.4  to  126.0  MHz  band.  These  coverage 
areas  do  not  extend  more  than  a few  miles  off  shore  (though  they  cover 
almost  all  land  areas). 

It  is  required  that  AEROSAT  operate  in  all  oceanic  areas  not 
covered  by  Extended  Range  VHF  stations. 

How  much  interference  to  the  airborne  AEROSAT  receiver  exists 

at  the  extreme  limits  of  the  Extended  Range  VHF  coverage  areas  needs 

to  be  known.  Since  these  stations  are  not  in  the  125.4  to  126.0  MHz 

band,  the  areas  in  which  AEROSAT  must  operate  do  not  overlap  the  areas 

where  AEROSAT  would  experience  severe  interference.  Maps  showing  the 

coverage  areas  of  the  Extended  Range  VHF  stations  in  the  US,  Canada, 

and  the  North  Atlantic  Region  are  included  in  APPENDIX  C.  The  maps 

in  APPENDIX  C show  Extended  Range  coverage  areas  extending  more  than 

200  nmi  out  over  the  ocean.  The  most  powerful  transmitter  in  the 

125.4  to  126.0  MHz  band  (in  the  US  and  Canada)  is  100  watts  (20  dBW). 

The  CF  between  a terrestrial  system  ground  transmitter  and  an  air- 
max  ' 

borne  AEROSAT  receiver  200  nmi  awav  is  -123  dB,  so  the  U is  -103 

max 

dBW  and  the  (D/IJ)  is  -51  dB.  The  CF  between  a terrestrial  svstem 
min  max 

airborne  transmitter  and  an  airborne  AEROSAT  receiver  200  nmi  away  is 

125  dB  so  the  U from  an  airborne  terrestrial  system  transmitter  is 
max 

-109  dBW  and  the  (D/U)  is  -45  dB.  Since  offsets  up  to  8 kHz  are 

min 

used  in  this  band  in  Europe,  the  interfering  signal  may  lie  only  17  kHz 
off  tune. 
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For  AEROSAT  to  he  able  always  to  operate  in  all  oceanic  areas 
not  covered  hv  F.xtended  Range  VHF  stations,  the  AEROSAT  VHF  avionics 
receiver  must  he  able  to  operate  in  the  presence  of  undesired  signals, 

1"  kHz  off  tune,  51  dB  above  the  desired  signal  level.  As  mentioned 
earlier,  for  AEROSAT  to  be  able  always  to  operate  over  land,  the 
AEROSAT  VHF  avionics  receiver  must  be  able  to  operate  in  the  presence 
of  interference  84  dB  above  the  desired  signal  level. 

These  two  requirements  are  the  minimum  and  maximum  requirements 
respectively.  If  the  interference  rejection  capabilities  of  the  AEROSAT 
VHF  avionics  receivers  fall  somewhere  between  the  two  requirements  given 
above,  then  AEROSAT  will  always  be  able  to  operate  less  than  200  nmi 
away  from  the  shore,  but  not  always  over  land. 

The  receivers  should  be  designed  to  reject  as  much  interfering 
signal  (17  to  19  kHz  off  tune)  with  a goal  of  being  able  to  reject 
signals  19  kHz  off  tune,  84  dB  above  the  desired  signal  level,  with- 
out compromising  sensitivity.  To  aid  in  achieving  this  design  goal, 
the  lock  in  range  of  the  PEI.  should  be  within  ± 17  kHz  of  the  center 
of  the  channel. 

I n terference  to  the  Terrestrial  System  hv  the  AEROSAT  System 

The  Satellite  as  a Source  of  Interference . FIGURES  6 and  7 show 
the  cases  where  the  satellite  is  potentially  interfering  with  the 
terrestrial  system.  This  interference  is  in  the  125.4  to  126.0  MHz 
band.  The  maximum  strength  of  the  satellite  signal  to  terrestrial 
system  receivers  (when  the  two  transmitters  are  combined  for  maximum 
power)  is  given  by: 
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Satellite  EIRP 

= 

28 

dBW 

Propagation  Loss 

= 

- 1 66 

dB 

Multipath  Maximum 

= 

6 

dB 

Scintillation  Maximum 

= 

6 

dB 

Polarization  Loss 

= 

-3 

dB 

Antenna  Gain 

0 

dBi 

LI 

s 

-129 

dBW 

max 


The  degradation  threshold  curves  (FIGURE  22)  show  that  for  an 
undesired  signal  strength  of  -129  dBW,  the  desired  signal  strength 
that  gives  an  AI  of  0.5  is  the  same  as  for  an  undesired  signal  strength 
of  dBW.  Therefore,  the  satellite  signal  is  not  a significant  source 
of  interference. 

The  Airborne  AEROSAT  Transmitter  as  a Source  of  Interference . 
FIGURES  9 and  10  show  the  cases  where  the  airborne  AEROSAT  transmitter 
is  potentially  interfering  with  the  terrestrial  system.  This  inter- 
ference is  in  the  131.4  to  132.0  Mile  band. 


For  the  case  where  the  airborne  AEROSAT  transmitter  is  potentially 
interfering  with  a particular  terrestrial  system  ground  receiver  that 
is  listening  to  nearby  airplanes,  the  minimum  desired  signal  strength 
is  given  by: 


D 


min 


13  dBW  + CF 

nun 


where 


(7) 


13  dBW  = the  minimum  EIRP  for  an  airborne  terrestrial 
system  transmitter  (25  W power  out  minus  1 dB 
line  loss) 
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CF  = the  minimum  coupling  factor  from  FIGURE  17 
min  tb 

(lower  curve)  for  any  airplane  in  the  area 
of  coverage  of  the  ground  station. 

CFmin  *s  found  by  finding  the  distance  to  the  farthest  point 

away  from  the  ground  station  in  the  area  of  coverage,  and  using 

FIGURE  17  to  obtain  CF  . . 

min 

Given  the  minimum  desired  signal  strength  (U  . ) , the  maximum 

^ h v min 

allowable  undesired  signal  strength  (U  ) ma>'  he  found  by  using: 

1.  The  degradation  threshold  curves  (FIGURE  22)  for  broad 
selectivity  or  worst-case  selectivity  receivers,  or 

2.  U = -6.3  dBW  for  the  narrow  selectivity  receivers. 

Since  the  ground  receivers  meet  the  ARINC  characteristics,  the 
lower  (worst  case)  curve  in  FIGURE  22  is  not  used.  Also: 

U = CF  + 19  dBW  (8) 

max  max 


where 


19  dBW  = the  power  delivered  to  the  antenna  (after  line 
losses)  by  the  airborne  AEROSAT  transmitter 

CF  comes  from  the  upper  curve  of  FIGURE  18. 
max  11 

For  a given  value  of  U,  CF  mav  be  determined.  Knowing  CF  , from 

max  max 

FIGURE  18,  a "minimum  distance"  can  be  obtained  that  is  how  far  away 
from  the  ground  station  the  AEROSAT  airplane  must  be  when  it  is  trans- 
mitting. When  the  AEROSAT  airplane  is  within  the  "minimum  distance" 
of  a particular  ground  station,  its  AEROSAT  VHF  transmitter  must  be 
off.  The  area  where  the  VHF  transmitter  must  be  off  will  be  referred 
to  as  the  "interference  area"  for  the  rest  of  this  report. 
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r narrow  electivit  roun  reci  ers,  -63  dBW , 

max 

therefore  C.F  -82  dB . However  I 1 ( HJRI;  '8  shows  a Cl-  of 

max  max 

-102  JB  or  less.  I'hen  for-  . there  are  no  interference  areas  due 
to  narrow  select ivi t>  ground  receivers. 


Broad  selectivity  ground  receivers  can  experience  interference 
from  lirborne  A!. ROSA!  VHF  transmi  t * c ’■s  . Around  each  broad  selec- 
tivity ground  receiver  will  be  an  interference  area  described  by 
a circle  whose  radius  is  equal  to  the  "minimum  distance."  These 
circles  may  be  drawn  for  the  locations  of  all  ground  receivers, 
whose  channel  ..re  ad;  a cent  1 :l  pirticular  AF.ROSAT  channel.  A 
plot  of  the.  circl.  s on  a map  wili  depict  the  areas  where  operation 
of  airborne  A1  i 0SA1  VIII  transmitters  in  that  particular  channel  may 
cause  interference  However,  this  map  onlv  shows  the  areas  that  are 
interference  areas  me  to  inti  rference  to  ground  receivers  trying  to 
listen  to  nearby  airplanes.  Interference  to  airborne  receivers 
trying  to  listen  to  ground  stations  will  generate  (by  a similar 
process)  even  larger  interference  areas  (in  most  cases). 

In  an  interference  area,  the  AF.ROSAT  VHF  transceiver  on  an  air- 
plane must:  not  he  used.  In  the  uses  where  the  terrestrial  system 
may  interfere  with  the  AliROSAT  sv  tern  (discussed  earlier),  the  AF.ROSAT 
VIII  subsystem  may  In  used  but  will  occasionally  experience  interference. 

For  the  use  where  the  airborne  Af  KOSA'I  transmitter  is  inter- 
fering with  an  airborne  receiver  that  is  listening  to  a nearby  ground 
station,  the  minimum  desired  signal  i-  given  by: 


D 


min 


10  log  P 


CF 

mi  n 


where 


(91 


P - the  power  of  the  ground  transmitter  which  the 
airborne  receiver  is  listening  to 
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C^min  = the  minimum  propagation  factor  (from  FIGURE  18) 
between  the  airplane  and  the  ground  station. 

This  is  calculated  for  every  possible  airplane 
location  in  the  area  of  coverage  of  every  ground 
station. 

Once  again  li  is  found  from: 

1.  The  degradation  threshold  curves  for  broad  or  worst 
case  selectivity  receivers,  or 

2.  U = -63  dBW  for  narrow  selectivity  receivers. 


As  before: 


CF 


max 


II  - 19  dBW, 
max 


(10) 


but  FIGURE  19  is  used  to  determine  the  minimum  distance. 


For  the  narrow  selectivity  receivers,  CF 
minimum  distances  is  1.8  nmi . 


max 


-82  dB  and  the 


Although  airplanes  do  occasionally  approach  each  other  to 
within  1.8  nmi,  this  distance  is  small  enough  that  the  AEROSAT 
interference  to  airborne  terrestrial  system  receivers  using  the 
narrow  selectivity  is  insignificant.  There  are  3 reasons  for  this 
cone  1 us  ion . 


1.  At  a separation  distance  of  1.8  nmi,  cross  modulation 
is  only  audible,  not  necessarily  intolerable. 

2.  Airplanes  flying  in  the  same  direction,  and  under  ATC 
rules,  are  separated  by  at  least  3 nmi.  Airplanes  flying  in  different 
directions  would  be  in  close  proximity  for  only  a few  seconds. 


a 
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I \A  Rl>  7"-  5 to , 


3 Usui  .ill  of  th<  (’oil  . . -<n  Avoidum  e Systems,  ! " in 
all  possible  instum  c a separation  distance  of  1.8  nnu  would  be 
a vo i ded . 


for  the  broad  or  worst-case  selectivity  receivers,  the  minimum 
distance  obtained  from  MGURH  19  will  usual].  be  significant.  Once 
again  chart  showing  interference  areas  can  be  made,  ilowever,  the 
production  of  the  chart  f<  tins  case  differs  from  the  production 
of  the  charts  for  the  previous  case. 

l <r  this  case  t)-,ch  --.siMe  airplane  location  must  be  considered 
and  . id i u ! irou  th  location. 

For  each  ground  station,  ’here  will  be  a collection  ot  circles.  This 
ill.  • , ■ ){  n terference  area”  a:  soc  i ited  with 

the  ground  t-iti*'n  The  do. ens  f transmitters  in  the  channels  adjacent 
to  a particular  AFROS AT  c'.  .unci  yield  a total  interference  area. 

final  1 v , th.  interference  areas  from  both  preceding  cases  are 
combined  to  form  the  final  interference  area  for  each  particular  AF.ROSAT 
prevent  interference  to  th  terre  ti  il  • AER0SA1  VHI 

transmitters  should  be  prohibited  from  emitting  in  the  interference  area 
designated  for  each  specific  AEROSA!  channel. 

The  S uf f n 1 i • m _y_  of_ Jut  ■ i_l  c a v i n g 

A meat  i . d • . r,  i required  that  AfROSAT  operate  in  ail 
ocean l i . ; T i xten. hal  Range  till  stations.  It  is  necessar) 

to  kn.-w  t it'  1 • • • ’ at  will  make  the  above  requirement  im- 

possible in  son.  ire.e- 

^Aij/j  th  d tii  (Stem,  Statement  of  Airline  Policy  and 

Requ  and  . f . the  'ystem.  Air  Navigation/ 1 raffic 

. ontrol  Hi  vi  ion,  Air  [» .insport  Association  of  America  ANTC  Report 
Nr.  NR.  1 ] 7 Revision  1 ■ Mu>  1971,  corrected  2 7 September  1971. 
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In  the  gradual  worldwide  conversion  to  25 - kH z channel  spacing, 
the  US  and  Canada  will  be  among  the  first  to  convert.  Airplanes 
♦hat  may  be  flying  in  the  US  or  Canada  will  be  among  the  first  air- 
planes to  switch  to  the  narrow  selectivity.  It  is  assumed  that  air- 
planes that  fly  as  far  out  over  the  ocean  as  the  outer  regions  of 
Extended  Range  VHF  stations  will  also  be  among  the  first  to  switch 
to  the  narrow  selectivity.  Therefore  it  is  not  necessary  for  AFROSAT 
airplanes  to  avoid  any  of  the  Extended  Range  VHF  coverage  areas  specif- 
ically. 

The  weakest  terrestrial  system  ground  transmitters  encountered 
have  an  output  of  5 watts.  The  coverage  areas  of  such  low  power  trans- 
mitters extend  less  than  30  nmi  away  from  the  ground  stations.  There- 
fore the  CF  . (FIGURE.  17)  is  -122  dB  and  the  D is  -115  dBW.  From  the 
min 

degradation  threshold  curves  (FIGURE  21),  the  maximum  allowable  U for 

the  worst-case  receivers  is  -109  dBW.  Therefore,  from  Equation  10, 

the  CF  is  -128  dBW,  and  from  FIGURE  19  the  minimum  separation  dis- 
max 

tance  is  approximately  230  nmi  Assuming  that  the  coverage  areas  of 
the  5-watt  terrestrial  system  transmitters  are  strictly  over  land, 
all  areas  more  than  230  nmi  offshore  arc  not  interference  areas. 
APPENDIX  C includes  the  coverage  areas  of  the  Extended  Range  V1IF 
transmitters  in  the  US,  Canada,  and  the  North  Atlantic  region.  These 
coverage  areas  genera. ly  extend  at  least  250  nmi  out  over  the  ocean. 

Therefore,  even  in  the  worst  case,  the  coverage  areas  of  the 
Extended  Range  stations  extend  beyond  the  interference  areas.  This 
means  25-channel  separation  is  sufficient  and  that  the  proposed  inter- 
leaved candidate  frequency  plan  will  yield  a workable  system. 

Interference  in  the  US  and  Canada 

In  this  subsection,  the  general  results  developed  in  the  calcu- 
lations subsection  will  be  applied  to  the  specific  interference  cases 
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Transmitter  Power 

= 

30 

dBW 

Line  Loss 

= 

-.5 

dB 

Antenna  Gain 

= 

0 

dB 

Propagation  Factor 

= 

-166.1 

dB 

Mu 1 1 i pa  t h Ma x i mum 

= 

5.7 

dB 

Scintillation  Maximum 

= 

0 

dB 

Polarization  Loss 

= 

-3 

dB 

Satellite  Antenna  Gain 

= 

10 

dB 

-124 

dBW. 

Phe  Atlantic  satellites  would  be  over  the  horizon  and  therefore 
their  received  signal  strengths  can  be  neglected. 

2.  San  Francisco,  California,  37°30'23"  North  latitude, 
122°22'16"  West  longitude.  A 1, 000-watt  transmitter  is  coupled  to 

a 21-dB  gain  antenna  with  a 2-dB  line  loss.  The  antenna  beam  has  an 
elevation  angle  of  0°  an  azimuth  of  252°T,  a 3-dB  horizontal  bcamwidth 
f 20°,  and  a vertical  3-dB  bcamwidth  of  5°  to  10°.  The  carrier  fre- 
quency is  131.95  '■Biz.  The  azimuth  to  the  satellite  at  180°  West  longitude 
would  be  248. 9°T  and  the  elevation  angle  would  be  lb. 8°.  The  azimuth  to 
the  satellite  at  155°  West  longitude  would  be  226. 4°T  and  the  elevation 
angle  would  be  34.8°.  Due  to  the  narrow  vertical  hcamwidth,  both  satel- 
lite would  not  be  in  the  mainbeam  of  the  antenna  and  the  maximum  re- 
eled signal  strength  at  the  Pacific  satellites  would  be  approximately 
the  same  as  from  Mount  Haleakala.  The  Atlantic  satellites  would  be  over 
the  horizon  and  their  received  signal  strengths  can  be  neglected. 

3.  Santa  Ynez,  California,  34° 31' 33"  North  latitude,  119°58'43" 
West  longitude.  A 1,000-watt  transmitter  is  coupled  to  a 16-dBi  gain 
antenna  with  0.4-dB  line  loss.  The  antenna  beam  has  an  elevation  angle 

of  0°,  an  azimuth  of  245°T  and  a horizontal  3-dB  beamwidth  of  32°.  The 
vertical  beamwidth  is  the  same  as  the  horizontal  except  that  since  verti- 
cal polarization  is  used,  an  extra  factor  of: 

cos?  (tt/2  sin  E) 


6 2 


COS?  F: 


(11) 
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whore 


h the  elevation  angle. 

This  factor  is  introduced  due  to  the  radiation  pattern  of  the 
vertically  polarized  elements.  The  carrier  frequency  is  131.944 
MHz.  The  azimuth  to  the  satellite  at  155°  West  longitude  would 
he  2.31. 0°T  and  the  elevation  angle  would  he  35.4°.  Therefore  the 
satellite  would  not  be  in  the  ma inbeam  of  the  antenna  and  the  maxi- 
mum received  signal  strength  at  the  satellite  would  be  approximately 
the  same  as  from  Mount  Haloakala.  The  Atlantic  satellites  would  he 
over  the  horizon  and  their  received  signal  strengths  can  he  neglected. 
The  azimuth  to  the  satellite  at  180°  West  longitude  would  he  251. 9°T 
and  the  elevation  angle  would  he  16.0°.  Consequently: 

cos^'  [n/2  sin  (16°)  | 
cos^  (16°) 

Therefore  the  antenna  gain  in  the 
be  12.5  dB.  The  maximum  received 
at  180°  West  longitude  would  be: 

transmitter  Power 
fine  l.oss 
Antenna  Cain 
Propagation  Factor 
Multipath  Maximum 
Scintillation  Maximum 
Polarization  Loss 
Satellite  Antenna  Cain 

-112.6  dBW . 


.8917  = -0.5  dB. 

direction  of  the  satellite  would 
signal  strength  at  the  satellite 

30.0  dBW 
-0.4  dB 
= 12.5  dB 

= -166.9  dB 

= 5.2  dR 

= 0.0  dB 

-3.0  dB 
= 10.0  dB 
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This  signal  is  19  kHz  off  tune  from  the  131.925-MHz  AEROSAT  chan- 
nel and  is  31  kHz  off  tune  from  the  131.975-MHz  AEROSAT  channel. 

If  an  AEROSAT  satellite  cannot  handle  this  interference  without 
modification,  then  the  satellite  at  180°  West  longitude  must  be 
modified.  There  are  three  possible  solutions. 

1.  Modify  the  satellite  so  that  it  will  be  able  to 
handle  the  -112.6-dBW  undesired  signal  (a  band  reject  filter  tuned 
to  131.944  MHz  is  a possible  method). 

2.  Move  the  satellite  at  180°  West  longitude  out  of 
the  undesired  signal  beam.  However  to  reduce  the  maximum  unde- 
sired signal  level  to  -124  dBW,  the  satellite  must  be  located  east 
of  170°  West  longitude  or  west  of  155°  East  longitude.  At  170° 
West  longitude  the  satellite  would  be  too  close  to  the  satellite 
at  155°  West  longitude  and  simultaneous  eclipse  (where  both  satel- 
lites are  in  the  earth's  shadow)  would  be  possible. 

3.  Do  not  use  the  satellite  at  180°  West  longitude  for 
the  channels  at  131. 92S  and  131.975  MHz,  (that  is  operate  it  in 
the  131.4  to  131.9  MHz  band)  and  design  the  satellite  so  that  it 
rejects  signals  above  131.9  MHz. 

Interference  to  the  AEROSAT  Airborne  Receiver . These  cases, 
which  are  in  the  125.4  to  126.0  MHz  band,  are  shown  in  FIGURES  5 
and  6 . 


In  the  interference  to  the  AEROSAT  system  by  the  terrestrial 
system  subsection,  it  was  shown  that  depending  on  how  much  of  the 
17  to  19  kHz  off- tune  interference  the  AEROSAT  VHF  avionics  receiver 
can  tolerate,  the  AEROSAT  VHF  subsystem  will  be  able  to  operate  closer 
than  200  nmi  away  from  the  shore,  or,  over  land.  Since  offsets  are 
not  used  in  the  US  and  Canada  in  this  band,  and  since  25-ktlz  channels 
will  be  implemented  in  the  US  and  Canada  by  the  time  the  AEROSAT  system 
is  operational,  all  interfering  signals  will  be  at  least  21-kHz  off  tune 
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(due  to  + 4 kHz  stability).  Therefore,  there  will  be  less  inter- 
ference to  the  AEROSAT  system  near  the  US  and  Canada  than  near 
countries  that  use  offsets  and/or  50 - kHz  spacing.  For  general 
information  purposes,  a list  of  all  ground  transmitters  in  the 
US  and  Canada  is  included  in  APPENDIX  B. 

The  Satellite  as  a Source  of  interference . These  cases,  which 
arc  in  the  125.4  to  126.0  MHz  hand,  are  shown  in  FIGURES  7 and  8.  As 
shown  in  the  calculations  subsection,  the  satellites  arc  not  signifi- 
cant sources  of  interference. 

The  Airborne  AEROSAT  Transmitter  as  a Source  of  Interference. 
These  cases,  which  are  in  the  131.4  to  132.0  MHz  band,  are  shown 
in  FIGURES  9 and  10.  Since  25 - kHz  channels  will  be  implemented  in 
the  US  and  Canada  by  the  time  the  AEROSAT  system  is  operational  there 
will  be  no  interference  areas  (where  the  AEROSAT  VHP'  airborne  trans- 
ceiver must  not  be  used). 
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SF.CTION  4 
RESULTS 


RESULTS 

1.  For  the  AF;ROSAT  VHF  subsystem  to  meet  the  minimum  require- 
ment that  it  be  able  to  operate  in  all  oceanic  areas  not  covered  by 
Extended  Range  VHF  stations  without  interfering  with  or  experiencing 
interference  from  systems  presently  operating  in  the  same  hand,  the 
following  conditions  must  be  satisfied. 

a.  The  ALROSAT  avionics  receivers  must  be  able  to  operate 
in  the  presence  of  undesired  signals  17  kHz  off  tune  and  51  dB  above 
the  minimum  desired  signal  level. 

b.  For  the  Atlantic  system,  the  "effective  satellite  re- 
ceiver" must  be  able  to  operate  in  the  presence  of  undesired  signals 
27  dB  above  the  minimum  desired  signal  level  and  19  kHz  off  tune,  and 
in  the  presence  of  undesired  signals  23  dB  above  the  minimum  desired- 
signal  level  and  17  kHz  off  tune.  Both  selectivity  and  the  satellite 
power  budget  should  be  considered  in  meeting  this  requirement. 

c.  For  the  Pacific  system,  the  "effective  satellite  receiver" 
must  meet  all  the  Atlantic  system  requirements,  and  the  "effective  satel- 
lite receiver"  at  180°  West  longitude  must  be  able  to  operate  in  the 
presence  of  an  undesired  signal  38.4  dB  above  the  minimum  desired  signal 
level,  at  131.944  MHz. 

2.  For  the  AEROSAT  VHF  subsystem  to  exceed  the  minimum  require- 
ment discussed  in  Result  1,  that  is,  to  operate  in  the  coverage  area 

of  an  Extended  Range  VHF  station,  or  overland,  the  following  conditions 
must  be  satisfied. 

a.  In  areas  where  the  terrestrial  system  receivers  are 
not  using  the  narrow  selectivity,  there  will  be  "interference  areas" 
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as  described  in  the  ANALYSIS  section  (under  Interference  to  the 
Terrestrial  System  by  the  AEROSAT  system).  When  an  AEROSAT  air- 
plane is  in  an  interference  area,  its  AEROSAT  VHF  transceiver  must 
not  be  used. 

b.  In  areas  where  the  terrestrial  system  receivers  are 
using  the  narrow  selectivity,  AEROSAT  VHF  communications  may  be 
used  without  any  restrictions.  However,  depending  on  the  ability 
of  the  AEROSAT  VHF  avionics  receiver  to  operate  in  the  presence  of 
adjacent  channel  interference,  the  AEROSAT  VHF  satel 1 ite-to-aircraft 
communications  may  occasionally  experience  interference. 

c.  For  AEROSAT  VHF  communications  never  to  experience 
interference  for  all  possible  locations  of  the  AEROSAT  airplane, 
the  AEROSAT  VHF  avionics  receiver  must  be  able  to  operate  in  the 
presence  of  undesired  signals.  19-kHz  off  tune,  84  dB  above  the 
minimum  desired  signal  level. 

3.  In  the  US  and  Canada,  the  terrestrial  system  receivers  will 
be  using  the  narrow  selectivity.  Therefore,  AEROSAT  VHF  communications 
may  be  used  without  any  restrictions.  However,  unless  the  AEROSAT  VHF 
avionics  receiver  is  able  to  operate  in  the  presence  of  undesired  sig- 
nals, 19-kHz  off  tune,  84  dB  above  the  minimum  desired  signal  level, 
AEROSAT  VHF  sate  1 1 ite-to-aircraft  communications  will  suffer  occasional 
' nt  erference . 
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APPENDIX  A 

TRANSMITTERS  IN'  THE  US  AND  CANADA 
IN  THE  131.4  to  132.0  MHz  BAND 


TABLE  A- 1 is  a list  of  all  the  ground  based  transmitters  in 
the  US  and  Canada  in  the  131.4  to  132.0  MHz  band  which  use  omni- 
directional antennas.  Received  powers  at  satellite  locations  above 
15°,  40°,  155°,  and  180°  West  longitude  are  included  in  the  list. 

The  column  headings  in  TABLE  A- 1 are  described  below: 

FREQ  IN  MHz  - gives  the  exact  carrier  frequency  of  each 
transmitter  including  offset.  The  transmitters  are  listed 
by  frequency. 

CALL  LETTERS  - the  first  four  characters  of  the  call  sign 
of  each  transmitter. 

CITY  - ground -station  location. 

STATI  OR  PROVINCE  - ground-station  location. 

LATITUDE  - ground -station  location. 

LONGITUDE  - ground- stat i on  location. 

TRANSMITTER  POWER  IN  WATTS  - ground-station  transmitter 
power . 

SATELLITE  AT  15  DEG.  W.  - for  the  geostationary  satellite  at 
15°  West  longitude,  calculated  values  are  given  for  the 
elevation  angle  from  the  ground  station  to  the  satellite 
(ELEV.  ANGLE],  received  signal  strength  (RECEIVED  POWER  IN 
dBW)  from  both  the  ground  station  (GROUND)  and  an  aircraft  in 
the  vicinity  of  the  ground  station  (ACFT) . The  received  signal 
strength  is  the  maximum  received  signal  strength  at  the  satel- 
lite antenna  terminals  including: 

a.  The  transmitter  power  - For  the  airborne  transmitters, 
the  maximum  power  of  50-watts  is  used. 
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h.  The  transmitting  antenna  gain  and  line  losses. 

e.  The  free-space  propagation  factor. 

d.  Multipath  - for  maximum  signal  strength,  the 
factor  is  20  log  (1  + RD)  where  R is  the  reflection  coefficient 
for  sea  water  and  0 is  the  divergence  factor. 

e.  Scintilla  ion  - the  values  which  are  exceeded  1% 
of  the  time  in  TABLE  1 uto  used. 

f.  Satellite  antenna  gain. 

The  scintillation  and  multipaths  are  such  that  the  "received 
power  in  dBW"  is  exceeded  approximately  0.1%  of  the  time.  For 
elevation  angles  less  than  10°,  the  elevation  angles  are  not 
accurate  due  to  atmospheric  refraction  and  the  received  signal 
strengths  are  unpredictable  and  arc  therefore  not  shown. 

SATELLITE  AT  40  DEG.  W.  - similar  to  the  satellite  at  15°  W., 
and  similar  values  for  the  satellite  at  40°  West  longitude. 
SATELLITE  AT  155  DEG.  W.  - similar  values  for  the  satellite 
at  155°  West  longitude. 

SATELLITE  AT  180  DEG.  W.  - similar  values  for  the  satellite  at 
180°  West  longitude. 
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APPENDIX  B 

TRANSMITTERS  IN  THE  US  AND  CANADA 
IN  THE  125.4  to  126.0  MHz  BAND 

TABLE  B-l  is  a list  of  all  the  ground-based  transmitters  in 
the  US  and  Canada  in  the  125.4  to  126.0  MHz  band.  (They  all  use 
omni-directional  antennas.)  The  coTumn  headings  are  described 
below: 

FREQUENCY  IN  MI  1 z - gives  the  exact  carrier  frequency  of 

each  transmitter.  The  transmitters  are  listed  by  frequency. 

STATE  OR  PROVINCE  - ground  station  location. 

CITY  - ground  station  location. 

LATITUDE  - ground  station  location. 

LONGITUDE  - ground  station  location. 

TRANSMITTER  POWER  IN  WATTS  - ground  station  transmitter  power. 
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Greenbav  44  20  26N  087  56  48W 
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125.T  AR  TexarKan  33  27  24N  093  59  451V 
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125.9  CA  SanCarls  37  30  38N 
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Newfoundland  Gander  48  57  OON  54  34  OOW 


TABLE 


N Orleans  30  23  40N  089  53  07K 
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APPENDIX  C 

COVERAGE  AREAS  OE  EXTENDED  RANGE 
VHP  STATIONS  IN  THE  US,  CANADA,  AND  THE  NORTH  ATLANTIC  REGION 

FIGURES  C- 1 through  C-6  show  the  coverage  areas  of  the  extended 
range  VHF  stations  in  the  US  and  Canada.  FIGURE  C-7  shows  the  coverage 
areas  of  the  extended  range  VHF  stations  in  the  North  Atlantic  Region. 
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FIGURE  C-3.  EXTENDED  RANGE  VUF  TRANSMITTERS  IN  THE 
US  AND  CANADA,  CANADA  AND  ALASKA. 
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FIGURE  C-5.  EXTENDED  RANGE  VIIF  TRANSMITTERS  IN  THE 
US  AND  CANADA,  EAST  COAST,  US. 


FIGURE  C-6.  EXTENDED  RANGE  VHF  TRANSMITTERS  IN  THE 
US  AND  CANADA,  EAST  COAST,  CANADA. 
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EFFECTIVE  UPON  PfCE'P' 


GROUND  C 

coverage 


FIGURE  C-7 . EXTENDED  RANGE  VHF  TRANSMITTERS  IN  THE  NORTH  ATLANTIC. 
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